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K u c h e l, C r a ig  R . ,  M . S . ,  W in te r  1977 W ild l i f e  B io lo g y
S om e A s p e c ts  of th e  B e h a v io r  and E c o lo g y  of H a r le q u in  D u cks  
B re e d in g  in  G la c ie r  N a tio n a l P a r k ,  M o n ta n a  (163  p p .)
A  V K '
D ir e c t o r :  P h il ip  L .  W r ig h t
T h e  b e h a v io r  and e c o lo g y  o f H a r le q u in  D ucks  ( H is t r io n ic u s  
h is t r io n ic û s ) on M c D o n a ld  C r e e k  in  G la c ie r  N a t io n a l P a r k ,  
M o n ta n a , w e r e  s tu d ie d  d u rin g  th e  1 9 7 3 -1 9 7 6  b re e d in g  s e as o n s . 
P a ir s  w e r e  fo rm e d  p r io r  to  a r r i v a l  on th e  b re e d in g  grounds in  
e a r ly  M a y . H a r le q u in s  co n fin ed  n e a r ly  a l l  a c t iv i t ie s  to  s w if t ly  
ru n n in g  w a te r s ,  b u t a ls o  used s tre tc h e s  of abandoned s t r e a m -  
c h a n n e l. P a ir s  w e r e  not t e r r i t o r ia l ;  h o m e ra n g e s  w e re  l in e a r  
and c o n s is te d  of a p p r o x im a te ly  1 to  2 k m  of s t r e a m  h a b ita t.  
C o n s id e ra b le  o v e r la p  of h o m e  ra n g e s  o c c u r re d , e s p e c ia lly  a t 
fa v o re d  fe e d in g  s ite s . D e n s ity  w as  a p p r o x im a te ly  one p a ir  p e r
1.1 to  1 .5  k m  of s t r e a m . M a le s  c o m p r is e d  64 p e rc e n t o f the  
b re e d in g  p o p u la tio n . R e s ig h tin g s  o f m a rk e d  ducks d u rin g  s u c ­
c e s s iv e  b re e d in g  seaso ns in d ic a te d  a h ig h  d e g re e  of b re e d in g  
s ite  f id e l i t y  am o n g  fe m a le s , and th a t fe m a le s  b re e d in g  fo r  the  
f i r s t  t im e  r e tu rn e d  to  th e ir  n a ta l b re e d in g  g ro u n d s . M o s t eggs  
w e r e  la id  b e tw e e n  18 M a y  and 8 Ju ne, and h a tc h in g  o c c u rre d  
d u rin g  the  f i r s t  w e e k  of J u ly . P re v io u s ly  u n do cum en ted  c o p u la -  
to r y  b e h a v io rs  in d ic a te d  p o s s ib le  p h y lo g e n e tic  a f f in i t ie s  w ith  the  
G o ld e n e y e s  (B u c e p h a la  sp . ) . D u r in g  y e a rs  w h en  la te  ru n o ff and  
h ig h  w a te r  le v e ls  im p e r i le d  n e w ly  h a tch ed  ju v e n ile s , s t i l l  w a te rs  
w e r e  used  a lm o s t e x c lu s iv e ly  d u r in g  th e  f i r s t  m o n th  a f te r  h a tc h ­
in g . F e m a le s  w ith  b ro o d s  a v o id e d  a l l  a re a s  fre q u e n te d  b y  
h u m a n s . D u r in g  the  f in a l  2 w e e k s  of th e  5 5 -d a y  p r e f l ig h t  p e r io d ,  
b ro o d s  s h ifte d  a l l  a c t iv i t ie s  to  ru n n in g  w a te r s . P r o d u c t iv ity  w as  
c lo s e ly  c o r r e la te d  w ith  th e  t im in g  and in te n s ity  o f s p r in g  ru n o ff .  
S u r v iv a l to  f le d g in g  o f know n ju v e n ile s  w a s  83 p e rc e n t in  1973 ,
40 p e rc e n t  in  1 9 7 4 , and 18 p e rc e n t in  19 75 . M e a n  b ro o d  s iz e  and  
th e  n u m b e r  o f b ro o d s  h a tc h in g  d e c lin e d  s im i la r ly  d u rin g  th e  3 
y e a r s .  H ig h  ju v e n ile  s u r v iv a l  in  1973 w as  a t t r ib u te d  to  a  r e l a ­
t iv e ly  s n o w - f r e e  w in te r  and an e a r ly  s p r in g  ru n o ff . D u r in g  b o th  
1974 and 1 9 7 5 , f lo o d in g  o c c u r re d . F lo o d s  a f fe c te d  p ro d u c tio n  
th ro u g h  n e s t w as h o u t and  in c re a s e d  m o r t a l i t y  o f ju v e n ile s .  
M a n a g e m e n t s u g g es tio n s  s tre s s e d  r e c r e a t in g  p r is t in e  c o n d itio n s  
b y  r e s t r ic t in g  h u m a n  a c c e s s  to  v i t a l  h a b ita ts  and a llo w in g  the  
s t r e a m 's  n a tu r a l a g in g  p ro c e s s  to  c re a te  new  h a b ita ts .
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A C K N O W L E D G E M E N T S
T h is  s tu d y  w as  fin a n c e d  p r im a r i ly  b y  the  M o n ta n a  C o o p e ra t iv e  
W ild l i f e  R e s e a rc h  U n it (U . S. F is h  and W ild l i f e  S e rv ic e , U n iv e r s ity  of 
M o n ta n a , M o n ta n a  D e p a r tm e n t o f F is h  and G a m e , and W ild l i fe  
M a n a g e m e n t In s t itu te  c o o p e ra tin g ). A d d it io n a l fu n d in g  w as p ro v id e d  
b y  th e  F r a n k  M . C h a p m a n  M e m o r ia l  F u n d  and the U n ite d  S tates  
N a tio n a l P a r k  S e rv ic e .
I  a m  d e e p ly  in d e b te d  to  th e  m a n y  p e o p le  w hose d ire c t io n  and  
s u p p o rt m a d e  th is  s tu d y  p o s s ib le .
I  th a n k  f i r s t  o f a l l  m y  w ife ,  Jo an , fo r  h e r  c o n tr ib u tio n s  d u rin g  
th e  e n t ir e  s tu d y . She la b o re d  t i r e le s s ly  in  th e  f ie ld ,  a s s is te d  in  the  
p r e p a r a t io n  of g ra p h ic s , and ty p e d  a l l  b u t th e  f in a l  d r a f t  o f m y  th e s is .
I  a m  s in c e r e ly  g r a te fu l to  m y  a d v is o r .  D r .  P h il ip  L .  W r ig h t ,  
w ho in it ia te d  m y  in te r e s t  in  H a r le q u in  D u c k s  and p ro v id e d  v a lu a b le  
s u p p o rt and gu idance  th ro u g h o u t th e  s tu d y . I  th a n k  c o m m itte e  m e m b e rs  
D r .  S id n e y  S. F r i s  s e l l  and  D r .  A n d re w  L .  S heldon fo r  a s s is t in g  in  
r e s e a r c h -p la n n in g  and re v ie w in g  th e  m a n u s c r ip t . D r .  D o n a ld  A .
J e n n i a ls o  p ro v id e d  h e lp fu l s u g g e s tio n s . D r .  B a r t  W . O 'G a ra  w as  
in s t r u m e n ta l in  s e c u r in g  fu n d in g  f o r  th e  p ro je c t;  he a ls o  c o n tr ib u te d  
v a lu a b le  a d v ic e  d u r in g  th e  p r e p a r a t io n  o f th e  m a n u s c r ip t . I  th a n k
111
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C l i f f o r d  J . M a r t ln k a ,  r e s e a r c h  b io lo g is t  f o r  G la c ie r  N a tio n a l P a r k ,  
f o r  p ro v id in g  s o m e  f in a n c ia l a s s is ta n c e  and f o r  a r ra n g in g  lo g is t ic  
s u p p o rt. C o o p e ra tio n  of N a t io n a l P a r k  S e rv ic e  p e rs o n n e l D o u g las  
E r s k in e  and J a c k  F e w la s s  w as in v a lu a b le .
M r .  D e n n is  E .  C ro u c h , U .S .  F is h  and  W ild l i f e  S e rv ic e ,
D r .  M . T .  M y r e s ,  U n iv e r s ity  o f C a lg a r y ,  and D r .  R a lp h  S. P a lm e r ,  
N ew  Y o r k  S ta te  M u s e u m  and S c ie n c e  S e rv ic e , a l l  o f fe re d  im p o rta n t  
su g g estio n s  and p ro v id e d  r e fe r e n c e  m a te r ia ls .
I  th a n k  m y  fa th e r .  D r .  E . R .  K u c h e l, f o r  h is  c r i t i c a l  r e v ie w  
o f th e  m a n u s c r ip t .
M r .  Z .  H . F r e e d  p ro v id e d  p h o to g ra p h ic  e q u ip m e n t and
s u p p lie s .
I  a ls o  th a n k  th e  m a n y  fr ie n d s  w h o  a s s is te d  in  tra p p in g  and  
b a n d in g  ducks d u rin g  s p r in g  ru n o ff .
IV
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C H A P T E R  I  
IN T R O D U C T IO N
H a r le q u in  D u c ks  (H is t r io n ic u s  h is t r io n ic u s ) a r e  m e m b e rs  of 
th e  t r ib e  M e r g in i ,  th e  s e a -d u c k s  (D e la c o u r  and M a y r  1 9 4 5 ). W in te r in g  
p o p u la tio n s  o ccu p y  n o r th e rn  c o a s ta l w a te rs  of bo th  th e  A t la n t ic  and  
P a c if ic  o c e a n s . W ith  th e  a p p ro a c h  o f s p r in g , s e x u a lly  m a tu re  b ird s  
m ig r a te  in la n d  w h e re  s m a ll ,  is o la te d  b re e d in g  p o p u la tio n s  in h a b it  
tu rb u le n t  m o n tan e  s t re a m s .
T w o  d is t in c t  and w id e ly  s e p a ra te d  p o p u la tio n s  c o m p ris e  th e  
s p e c ie s ’ N o r th  A m e r ic a n  d is tr ib u t io n . A  s m a ll  n o r th e a s te rn  
p o p u la tio n  w in te rs  a lo n g  th e  N o r th  A t la n t ic  c o as t f r o m  s o u th e rn  
L a b ra d o r  to  N ew  J e r s e y  and b re e d s  in  s u b a rc t ic  h a b ita ts  f r o m  
s o u th e a s te rn  B a ff in  Is la n d  s o u th w a rd  as f a r  as th e  G u lf  of S t.
L a w re n c e . A  s u b s ta n t ia lly  la r g e r  w e s te rn  p o p u la tio n  w in te rs  a lo n g  
r o c k y  s e a c o a s ts  f r o m  th e  A le u t ia n  Is la n d s  so u th  to  c e n tr a l C a l i fo r n ia .  
T h e  b re e d in g  ra n g e  of th e  w e s te rn  p o p u la tio n  ex ten d s  f r o m  th e  
A le u t ia n  Is la n d s  down a lo n g  th e  c o a s t ra n g e s  th ro u g h  O re g o n . I t  
in c lu d e s  th e  in la n d  m o u n ta in s  f r o m  n o r th c e n tr a l  A la s k a  as f a r  south  
as th e  C a s c a d e  and S ie r r a  N e v a d a  ra n g e s  of c e n tr a l  C a l i fo r n ia  
(J o h n s g a rd  19 75 , P a lm e r  1 9 7 6 ). S p a rs e  b re e d in g  p o p u la tio n s  a ls o
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o c c u r  in  th e  R o c k y  M o u n ta in s  o f B r i t is h  C o lu m b ia  and A lb e r ta ,  w h ile  
so u th  o f th e  C a n a d ia n  b o r d e r ,  s c a tte re d  b re e d in g  p o p u la tio n s  ra n g e  as  
f a r  in la n d  as w e s te rn  M o n ta n a  and W y o m in g .
T h ro u g h o u t t h e i r  w e s te rn  ra n g e , b re e d in g  H a r le q u in s  a r e  
r e s t r ic t e d  e c o lo g ic a lly  to s w if t ,  c le a r  m o u n ta in  s t re a m s . B en g tso n  
(1 9 6 6 ) co nc luded  th a t H a r le q u in s  a r e  m o re  s t r i c t l y  co n fin ed  to  ru n n in g  
w a te r  th a n  an y  o th e r  w a te r fo w l s p e c ie s  b re e d in g  in  the  N o r th e rn  
H e m is p h e re . T h ou gh  H a r le q u in s  a r e  e c o lo g ic a lly  un ique am o n g  
n o r th e rn  d u cks , th e y  s h a re  t h e i r  a d a p ta tio n  to  s w if t  w a te rs  w ith  tw o  
g e n e ra  o f w a te r fo w l w h ic h  b re e d  in  th e  S o u th e rn  H e m is p h e re . T h e  
r a r e  B lu e  D u c k  (H y m e n o la im u s  m a la c o rh y n c h o s ), g e n e r a l ly  p la c e d  in  
th e  t r ib e  A n a t in i ,  is  c o n fin e d  to  tu rb u le n t m o n tan e  s tre a m s  o f N ew  
Z e a la n d . M e rg a n e tta  a r m a t a , th e  T o r r e n t  D u c k  o f South A m e r ic a ,  
o c cu p ies  th e  ra p id s  and  fa l ls  of A n d ea n  s t re a m s  as h ig h  as 4 , 500 m  
(J o h n s g a rd  1 9 6 6 ). P h y lo g e n e tic  a f f in i t ie s  o f T o r r e n t  D u cks  a r e  a ls o  
u n c e r ta in  w ith  v a r io u s  a u th o rs  e i th e r  in c lu d in g  th e m  am o n g  the  
d a b b lin g  du cks , A n a t in i (D e la c o u r  1 9 5 4 ), th e  p e rc h in g  du cks , C a ir in in i  
(J o h n s g a rd  1 9 6 6 ), o r  in  a  m o n o ty p ic  t r ib e ,  M e rg a n e tt in i  (D e la c o u r  and  
M a y r  1 9 4 5 ). B o th  s p e c ie s  n e s t a lo n g  t o r r e n t ia l  w a te rs  and fe e d  
p r im a r i l y  on a q u a tic  in s e c ts , but u n lik e  H a r le q u in  D u c k s , bo th  s p e c ie s  
a r e  m onogam ous and  t e r r i t o r i a l  and  m a y  m a in ta in  th e ir  t e r r i t o r ie s  
th ro u g h o u t the y e a r  (J o h n s g a rd  1 9 6 6 , K e a r  1 9 7 2 ). E c o lo g ic a l s i m i l a r ­
i t ie s  am o n g  B lu e  D u c k s , T o r r e n t  D u c k s , and  H a r le q u in s  a r e  e x te n s iv e
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(e v e n  p lu m a g e  p a tte rn s  of H a r le q u in s  and T o r r e n t  D u c ks  a r e  s t r ik in g ly  
s im i la r ) .  H o w e v e r , th o se  s im i la r i t ie s  a p p e a r  to  b e  e n t i r e ly  the r e s u lt  
o f e c o lo g ic a l c o n v e rg e n c e .
In  w e s te rn  M o n ta n a , n e a r  th e  l i m i t  o f th e  H a r le q u in s *  
d is tr ib u t io n , b re e d in g  p o p u la tio n s  a r e  u n co m m o n  and lo c a liz e d .  
A lth o u g h  n u m e ro u s  s tre a m s  a p p e a r  s u p e r f ic ia l ly  to  p ro v id e  s u ita b le  
h a b ita t , p re c is e  e c o lo g ic a l r e q u ire m e n ts  and e x tre m e  s e n s it iv i ty  to  
h u m an  in tru s io n  l im i t  b re e d in g  a c t iv i t ie s  to  re m o te , p r is t in e  a r e a s .  
R e c e n t ly , h u m an  p o p u la tio n  g ro w th  has c re a te d  an  in c re a s in g  dem and  
to  d e ve lo p  p r is t in e  h a b ita ts  b o th  to  e x p lo it  th e ir  e n e rg y  p o te n tia l and  
to  p ro v id e  r e c r e a t io n a l  o p p o rtu n it ie s  fo r  the  b u rg e o n in g  h u m an  
p o p u la tio n . A  th o ro u g h  kn o w le d g e  of the  H a r le q u in  D u c k 's  b re e d in g  
re q u ire m e n ts  is  n e ed ed  to  en a b le  a s s e s s m e n t o f the  sp e c ies * s ta tu s  
and the  p o te n tia l im p a c t o f fu r t h e r  h u m an  e n c ro a c h m e n t and h a b ita t  
a lte r a t io n .  T h o ro u g h  s tu d ie s  o f H a r le q u in  b io lo g y  have  been  conducted  
o n ly  in  Ic e la n d  (B en g tso n  1 9 6 6 , 1 9 7 2 , B en g ts o n  and U lfs tra n d  1 9 7 1 ). 
T h o s e  s tu d ies  p ro v id e  in s ig h ts  in to  b a s ic  e c o lo g ic a l re q u ire m e n ts , but 
e x te n s iv e  h a b ita t d if fe re n c e s  l im i t  th e ir  v a lu e  in  m a n a g e m e n t of 
w e s te rn  p o p u la tio n s .
A s  a  s e n io r  th e s is  p r o je c t ,  I  b eg an  s tu d y in g  H a r le q u in  D ucks  
on th e  U p p e r  M c D o n a ld  C r e e k  in  G la c ie r  N a t io n a l P a r k ,  M o n ta n a , in  
M a y  1 9 7 3 . M y  p r im a r y  o b je c tiv e s  w e r e  to a s s e s s  th e  s iz e  o f the  
b re e d in g  p o p u la tio n , b e c o m e  f a m i l i a r  w ith  th e  s p e c ie s ' h a b its  and the
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s tu d y  a r e a ,  and d e te rm in e  th e  fe a s ib i l i t y  o f c o n tin u in g  the  p r o je c t  a t 
th e  g ra d u a te  le v e l .  T h e  M c D o n a ld  d ra in a g e  p ro v id e s  o p t im a l h a b ita t  
in  a  c o m p a r a t iv e ly  u n a lte re d  s ta te , and b re e d in g  H a r le q u in s  a re  
r e la t iv e ly  abun dan t. D u r in g  1973 I  o b ta in ed  o n ly  a s m a ll  am o u n t o f 
d a ta  d u r in g  th e  c o u rts h ip  and n e s tin g  p e r io d , bu t I  w as  a b le  to  fo llo w  
s e v e r a l  b ro o d s  f r o m  h a tc h in g  u n til  f a l l  m ig r a t io n . I  m o n ito re d  
p ro d u c tio n  and s u r v iv a l  o f young, d e v e lo p m e n t o f ju v e n ile s , and  
h a b ita t  use b y  b ro o d s . C o n tin u in g  a t the g ra d u a te  le v e l ,  I  g a th e re d  
e c o lo g ic a l and b e h a v io ra l d a ta  f r o m  A p r i l  u n t il  S e p te m b e r in  1974 and  
1 9 75 , and d u rin g  s p r in g  1 9 7 6 .
S p e c ific  o b je c tiv e s  o f the  s tu d y  in c lu d e d  th e  fo llo w in g :
1) d e te rm in a t io n  of the  c h ro n o lo g y  of b re e d in g  and b ro o d -  
r e a r in g  a c t iv it ie s ;
2 ) o b s e rv a tio n  o f b e h a v io rs  and th ose  a c t iv i t ie s  w h ic h  m a y  
in flu e n c e  b re e d in g  d e n s ity  and h a b ita t s e le c tio n ;
3 ) d e te rm in a t io n  of p o p u la tio n  n u m b e rs , lo c a l d is tr ib u t io n ,  
and d a i ly  and s e a s o n a l m o v e m e n ts ;
4 ) e v a lu a tio n  o f re p ro d u c t iv e  su ccess  and d e s c r ip t io n  o f th e  
d e v e lo p m e n t and s u r v iv a l  of young;
5) id e n t if ic a t io n  of h a b ita t  r e q u ire m e n ts  of H a r le q u in s  on 
M c D o n a ld  C re e k ;  and
6) p ro v is io n  o f m a n a g e m e n t s u g g e s tio n s .
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C H A P T E R  I I  
D E S C R IP T IO N  O F  T H E  S T U D Y  A R E A
L o c a tio n
D u r in g  th e  b re e d in g  s e aso n . H a r le q u in s  in h a b it a  n u m b e r  o f 
c re e k s  in  G la c ie r  N a t io n a l P a r k ,  but fe w  c re e k s  c o n ta in  s u ff ic ie n t  
h a b ita t  to  s u p p o rt m o re  th a n  one o r  tw o  b re e d in g  p a ir s .  M y  s tu d y  
a r e a  (F ig .  1) c o n s is te d  o f a  16 k m  s e c tio n  o f th e  U p p e r  M c D o n a ld  
V a l le y  e x te n d in g  s o u th w es t a lo n g  M c D o n a ld  C r e e k  f r o m  its  c o n flu e n c e  
w ith  L o g a n  C re e k  to  its  e n tra n c e  in to  L a k e  M c D o n a ld . B re e d in g  
H a r le q u in s  w e re  r e la t iv e ly  abundant on the  a r e a  and a m a jo r  p a rk  
ro a d  fa c i l i t a te d  t r a v e l ,  p ro v id in g  a c c e s s  to  m a n y  se c tio n s  of the  
s t r e a m . A d d it io n a l o b s e rv a tio n s  w e r e  m ad e  in  o th e r  p a r ts  o f the  
M c D o n a ld  d ra in a g e  and a lo n g  o th e r  s t re a m s  in  the p a rk .
G e o lo g y
T h e  o r ig in  o f M c D o n a ld  C r e e k  l ie s  n e a r  th e  C o n tin e n ta l 
D iv id e , so u th w es t o f W e s t F la t to p  M o u n ta in . F r o m  its  h e a d w a te rs  
a t a p p r o x im a te ly  1, 859  m , the  c r e e k  d ro p s  898 m  in  3 5 .4  k m  b e fo re  
e m p ty in g  in to  L a k e  M c D o n a ld . T h e  g ra d ie n t  is s te e p e s t in  the  u p p e r  
re a c h e s  w h e re  th e  c r e e k  d ro p s  773 m  in  19 . 4 k m , as i t  flo w s  
s o u th e a s t to w a rd  its  c o n flu e n c e  w ith  L o g a n  C r e e k . F r o m  L o g a n
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F ig .  1. M a p  o f s tu d y  a r e a .  In s e t  show s lo c a t io n  o f G la c ie r  
N a tio n a l P a r k  in  M o n ta n a .
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C r e e k  a t 1 ,0 8 6  m  th e  c r e e k  tre n d s  s o u th w es t to w a rd  L a k e  M c D o n a ld , 
d ro p p in g  125 m  in  16 k m . Th ou gh  th e  a v e ra g e  g ra d ie n t b e tw e e n  Lo g an  
C r e e k  and L a k e  M c D o n a ld  is  o n ly  7. 8 m /k m ,  i t  is  c o n s id e ra b ly  
s te e p e r ,  up to  20  m /k m ,  w h e re  the  c r e e k  flo w s  o v e r  exposed  b e d ro c k .  
N u m e ro u s  s m a ll ,  s n o w -fe d  s tre a m s  flo w in g  f r o m  r id g e s  and hang ing  
v a lle y s  h ig h  ab ove th e  M c D o n a ld  V a l le y  s u p p ly  w a te r  to  the c re e k .
O n the s tu d y  a r e a ,  M c D o n a ld  C r e e k  cuts th ro u g h  a s te e p -  
w a lle d  v a l le y  w h ic h  w as deepened  and s tra ig h te n e d  d u rin g  the  
P le is to c e n e  g la c ia t io n  (A ld e n  1 9 5 3 ). L e s s  th an  1 0 ,0 0 0  y e a rs  ago, 
th e  e x te n s iv e  ic e  cap w h ic h  b u r ie d  m o s t o f th e  p a r k  began to  re c e d e ,  
le a v in g  in  th e  M c D o n a ld  V a l le y  th ic k  de p o s its  o f g la c ia l  d e b r is  
o v e r ly in g  P r e c a m b r ia n  s e d im e n ts  (A lt  and H yn d m a n  1 9 7 3 ). T h o s e  
d e p o s its  o f g la c ia l  t i l l  and o u tw ash  c o m p r is e  th e  s u b s tra te  o v e r  w h ic h  
M c D o n a ld  C re e k  p r e s e n t ly  ru n s . T h e  c r e e k  m e a n d e rs  f r e e ly  a c ro s s  
th e  b ro a d  flo o d p la in , e x c e p t in  s e v e r a l  a re a s  w h e re  g la c ia l  d e b r is  is  
in te r ru p te d  by  exp o sed  b e d ro c k  f r o m  the A p p eku n n y  and G r in n e ll  
a r g i l l i t e  fo rm a tio n s  (R o ss  and R e z a k  1 9 5 9 ).
T w o  d is t in c t  s t re a m  h a b ita ts  o c c u r . W h e re  th e  c r e e k  flo w s  
o v e r  e r o s io n - r e s is ta n t  b e d ro c k , the  c h a n n e l is  s t r ic t ly  co n fin ed , 
fo r m in g  n a r ro w  g o rg e s  c o n ta in in g  n u m e ro u s  w a te r fa l ls  and r a p id s .  
E ro s io n  p ro c e e d s  s lo w ly  in  th e  g o rg e s  s in c e  th e  s t re a m  c a r r ie s  v e r y  
l i t t l e  s e d im e n t e x c e p t d u r in g  s p r in g  ru n o ff  in  M a y  and Ju ne.
E m e rg e n t  ro c k s , though o c c a s io n a lly  p re s e n t in  r i f f le s  and p o o ls .
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a r e  m o s t p re v a le n t  in  th e s e  b e d ro c k  a r e a s .
W h e re  th e  s u b s tra te  c o n s is ts  p r im a r i l y  o f co b b les  a v e ra g in g  
8 to  2 5 cm  in  d ia m e te r ,  th e  c re e k  tends n a tu r a l ly  to  fo r m  r e g u la r  
s e r ie s  of a lte rn a t in g  r i f f le s  and p o o ls . N u m e ro u s  u n s ta b le  m e a n d e r  
bends fo r m  as th e  s t re a m  w a n d e rs  o v e r  e a s ily  e ro d ib le  g la c ia l  
d e p o s its . T h e  m e a n d e rs  m o ve  s lo w ly  d o w n s tre a m  and c o n tin u a lly  
g ro w  in  a m p litu d e  as th e  s t r e a m  u n d e rcu ts  co ncave  o u te r  banks and  
d e p o s its  s e d im e n ts  s l ig h t ly  d o w n s tre a m  w h e re  c u r r e n t  is s la c k  a lo n g  
th e  co n ve x  in n e r  b a n k s . E v e n tu a lly  s e d im e n t d e p o s itio n  chokes th e  
ch an n e l w ith  d e b r is  and th e  s t re a m  cuts a c ro s s  th e  n e cks  o f b en d s , 
is o la t in g  o ld  s e c tio n s  of s t re a m  ch a n n e l. T h is  p ro c e s s  is h ig h ly  
a c c e le ra te d  d u rin g  s e a s o n a l sp a te s  w h en  s e d im e n t lo ads  a r e  h ig h . O n  
the  s tu d y  a r e a , s e v e r a l  re m n a n ts  o f o ld  s t re a m  c h a n n e l s t i l l  r e m a in  
as s h a llo w , o x b o w -s h a p e d  ponds a d ja c e n t to  th e  s t r e a m . T h o s e  s t i l l  
ponds h ave  a c q u ire d  m ud  b o tto m s  and co ntinue  to  f i l l  w ith  s i l t ,  
p a r t ic u la r ly  w hen  h ig h  s p r in g  ru n o ff  l in k s  th e m  w ith  the c re e k .  
H o w e v e r , w h ile  th e  o ld  ponds f i l l  in  and b e c o m e  s w a m p s , new ponds  
a r e  c re a te d  as th e  s t r e a m  c o n s ta n tly  s h ifts  its  bed  b a c k  and fo r th  
a c ro s s  th e  f lo o d p la in .
C lim a te
T h e  ru g g e d  to p o g ra p h y  of G la c ie r  P a r k  e x e r ts  a m a rk e d  
in flu e n c e  on lo c a l c l im a te .  L y in g  w e s t o f th e  C o n tin e n ta l D iv id e , the
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s tu d y  a r e a  has a m o d if ie d  n o rth  P a c i f ic  co ast ty p e  c l im a te  (C o rd e ll  
1 9 7 1 ). H o w e v e r , to p o g ra p h ic  in flu e n c e s  in c lu d in g  v a l le y - r id g e  
c o n fig u ra t io n s , e le v a t io n , a s p e c t and e x p o s u re , c o m b in e  to  p ro d u c e  
e x tr e m e  v a r ia t io n  in  w e a th e r  o v e r  s h o rt d is ta n c e s . T h e  W e s t G la c ie r  
to w n s ite , e le v a tio n  961 m , ly in g  a p p ro x im a te ly  18. 5 k m  s o u th w e s t o f 
th e  s tu d y  a r e a ,  a v e ra g e s  7 6 .2  c m  o f p r e c ip ita t io n  a n n u a lly  (D ig h tm a n  
19 61 , se e  T a b le  1 ). B u t a lo n g  th e  C o n tin e n ta l D iv id e  o n ly  17 km  
s o u th e a s t o f th e  h e a d w a te rs  o f M c D o n a ld  C re e k ,  gauges a t G r in n e l l  
G la c ie r ,  e le v a tio n  1, 950 m , in d ic a te  an  a n n u a l a v e ra g e  o f n e a r ly  
305 c m  (C o rd e ll  1 9 7 1 ).
M o s t o f th e  a r e a 's  p r e c ip ita t io n  o c c u rs  d u rin g  tw o  p e r io d s .
A t  W e s t G la c ie r  a p p r o x im a te ly  41 p e rc e n t o f th e  a v e ra g e  an n u a l 
p r e c ip ita t io n  o c c u rs  as w in te r  s n o w fa ll b e tw e e n  N o v e m b e r  and  
F e b r u a r y ;  n e a r ly  25  p e rc e n t  o c c u rs  as  s p r in g  r a in  d u rin g  M a y , Ju n e , 
and J u ly  (A non . 1 9 6 7 ), D ig h tm a n  (1 9 6 1 ) e s t im a te d  th a t th e  a v e ra g e  
w in te r  s n o w fa ll on m a n y  m o u n ta in  r id g e s  exceeds  2 , 540 c m , and S o il 
C o n s e rv a tio n  S e rv ic e  f ig u r e s  in d ic a te  an a v e ra g e  of 2 , 000 to  2 ,5 4 0  
c m  a t h ig h  e le v a tio n s  in  th e  U p p e r  M c D o n a ld  V a l le y  (A non. 1 9 7 5 a ). 
M o s t o f th e  w in te r  s n o w p ack  n e a r  th e  o r ig in  o f M c D o n a ld  C r e e k  
a c c u m u la te s  b e tw e e n  D e c e m b e r  and M a y . A lth o u g h  w in te rs  w e s t o f 
th e  C o n tin e n ta l D iv id e  a r e  c o ld  and s o m e  s u b z e ro  te m p e ra tu re s  
u s u a lly  o c c u r , M a r c h  and A p r i l  t y p ic a l ly  b r in g  w a r m e r  w e a th e r .  
S n o w m e lt b eg in s  in  M a r c h  though  th e  w a te r  co n te n t o f the  h ig h
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LATITUDE 18* 30’
LONGITUDE 113* 59’
ELEV. (GROUND) 31$li
T ab le  1. C lim a to lo g ic a l su m m ary . W est G la c ie r , Montana, fo r  period  1937-1966,
U, S DEPARTIRENT O F COM M ERCE, WEATHER BUREAU 
IN C O O PER A TIO N  WITH NATIONAL PARK SER'/ICE 
CU M A TO G RA PH Y  O F  THE UNITED STATES N O . 2 0  -  2l
CLIMATOLOGICAL SUMMARY STATION west glacier, MONTANA
M EANS A ND EXTREMES FOR PERIO D  1931-1960
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(a) 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
JAN 28.0 I h .l 21.1 52 1931 -37 1937 1360 3.13 1.2k 1951+ 36.k 7k.5 195k 19 .0 195k+ 10 0 17 30 6 JAN
FE3 32.9 15.9 2h.^ 58 1950 -ho 1933 111)0 2.1)2 2.09 1951 26.5 57.5 1937 16,0 1957 7 0 11 27 k FEB
MAR 1(1.3 21 .L 31 .L 61. 191(1 -30 I960 IChO 1.31 0.95 19k7 16.2 35.5 1951 15.0 195L+ 6 0 k 28 2 MAR
APR 5Ù.2 29.il 11.8 30 1939 -8 1936 + 700 1.87 1.29 1951 -k.3 2k.0 19k 8 8.5 1953 6 0 * 21 s APR
MAT 61.9 37.2 51.1 91 1936 13 1951. 1(30 2.36 1.22 1938 O.L 5.0 1956+ 5 .0 1951 7 ■> 0 7 0 MAT
JUN 70.3 1(3.6 57.0 92 191(1+ 2l( 1959 260 3.02 1.87 19k7 T T 1955+ T 1952+ 3 * 0 1 0 JUN
JT.I 80.6 1(7.3 61i.O 101 193!i 3h 1959+ 80 1.27 1.22 1932 T T 195k+ T 1952+ k 3 0 0 0 JUL
AUG 78.9 Ü5.5 62.0 95 191(1 31 1937+ 120 1.33 2.03 19k7 0 .0 0 .0 0 .0 3 1 0 * 0 AUG
SEP 67.2 39 .Ü 53.3 88 19L1(* 16 193h 350 1.39 1.59 1952 T 1.0 19k9 1 .0 1959 5 0 0 5 0 SEP
OCT 53.6 32.5 1(3.1 79 191(2 -9 1935 660 2.6k 1.76 1955 2.3 26.0 1951 12.0 1951 7 0 » 17 * OCT
NOV 37.6 21).2 30.9 67 191(8 -29 1959 1020 3.06 1.50 1932 15.8 58.3 1959 12.0 1959+ 8 0 7 26 1 NOV
DEC 31.6 19.7 25.7 57 1931 -22 1932 1220 3.26 1.02 1937 31.k 7 k .2 1951 20.0 1938 10 0 15 29 2 DEC
53.1) 30.8 L2.1 101 JUL -1(0 FSB Shoo 28.06 2.09 1951 133.3 7k.5 JAN 20.0 DEC 81 k 5k 191 15
Year 193Ü 1933 195k 1938 Year
(a) Average length cl record, years. + Also on e a r l ie r d a t e s , months or years .
I  Trace, an amount too small to measure. 
• * B ase 6 5 * F (estim ated)
•  Less than one half.
§ Hail was included in  these values from July 191(8 
through December 1955.
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e le v a t io n  sn o w p ack  g e n e r a l ly  In c re a s e s  th ro u g h  e a r ly  A p r i l ,
T y p ic a l ly  d u rin g  the  la t t e r  p a r t  of A p r i l  th e  w a te r  co n ten t o f the  
sn o w p ack  in  th e  h e a d w a te rs  of M c D o n a ld  C r e e k  d e c re a s e s  b y  30  
p e rc e n t as s p r in g  ru n o ff  b e g in s  (F a m e s  and S h a fe r  1 9 7 5 ). H e a v y  
d is c h a rg e  o c c u rs  d u rin g  M a y  and June and  p e a k  flo w  r e g u la r ly  o c c u rs  
d u rin g  e a r ly  Ju n e . T h e  sn o w p ack  d e te r io r a te s  r a p id ly  in  e a r ly  
s u m m e r . H o w e v e r , a n y  s ig n if ic a n t am o u n ts  o f p r e c ip ita t io n  o r  
u n u s u a lly  w a r m  te m p e ra tu re s  in  e a r ly  June c o n s titu te  a s e r io u s  flo o d  
th r e a t .
B e n th ic  In v e r te b ra te s
A bu ndance  of b e n th ic  in v e r te b ra te s  in d ic a te s  the  s t a b i l i ty  and  
f e r t i l i t y  o f the  h a b ita t . S ince  s i l t y  m e a n d e r  ponds a r e  u n s ta b le , th e y  
g e n e r a l ly  co n ta in  fa u n a s  w h ic h  a r e  b o th  le s s  abundant and le s s  v a r ie d  
th a n  m o re  s ta b le  s t r e a m  h a b ita ts  (H yn es  1 9 7 0 ). S tre a m s , h o w e v e r , 
a ls o  v a r y  in  t h e i r  a b i l i t y  to  s u p p o rt a b e n th ic  fa u n a . In  g e n e ra l,  
d is tr ib u t io n  p a tte rn s  o f s t r e a m  o rg a n is m s  r e f le c t  th e  c o m p le x ity  of 
th e  h a b ita t;  as c o m p le x ity  in c re a s e s  fa u n a l d iv e r s i t y  show s a c o r r e s ­
pond ing  in c re a s e  (H yn es  1 9 7 0 ). M e a n d e r in g  s t re a m s  c o n ta in  a v a r ie t y  
o f h a b ita ts  not p re s e n t  in  a s im p le  c h a n n e l. A s  th e  c u r r e n t  s o r ts  th e  
s u b s tra te , i t  d e p o s its  la r g e r  p a r t ic le s  in  th e  u p p e r la y e rs  to  fo r m  
s h a llo w  r i f f l e s .  R if f le s  p ro v id e  a s a n c tu a ry  f o r  b e n th ic  a n im a ls  s in c e  
th e  c o a rs e  s u b s tra te  is  q u ite  s ta b le  d u r in g  a v e ra g e  f lo w s  and the
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tu rb u le n c e  in  th o se  a re a s  p re v e n ts  s i l t  a c c u m u la tio n . F a u n as  a r e  
lo c a l ly  le s s  abundant in  deep po o ls  b e cau se  such  a re a s  tend  to  c o lle c t  
m o r e  s i l t .  D iv e r s i t y  is  o fte n  h ig h e s t w h e re  th e  s u b s tra te  is  co m p o se d  
of la r g e  co bb les  (P e n n a k  and V a n G e rp e n  1 947 , W en e  and W ic k l i f f  
1 9 4 0 ). B e d ro c k  a re a s  a ls o  c o n ta in  a  d iv e rs e  fau n a  s in c e  th e  s u b s tra te  
is  e x t r e m e ly  s ta b le  and th e  i r r e g u la r  b o tto m  p ro v id e s  n u m e ro u s  
r é fu g ia  w h ic h  a r e  c o lo n iz e d  b y  ro o te d  p la n ts  and f ila m e n to u s  a lg a e  
(M a c a n  1 9 6 3 ). P e r c iv a l  and W h ite h e a d  (192 9) found th a t m o s s e s  and  
ro o te d  p la n ts  s u p p o rte d  a g r e a te r  ab undance of o rg a n is m s  th an  b a re  
ro c k s .
S e v e ra l in v e s t ig a to rs  have  found th a t f lo o d in g  has a  m a rk e d  
in flu e n c e  on s t r e a m  b io ta  (M o ffe t  1 9 3 6 , M o t t le y  e t a l .  1 9 3 8 ). S tre a m s  
in  w h ic h  s e a s o n a l sp a te s  r e g u la r ly  o c c u r  show c o rre s p o n d in g  
f lu c tu a tio n s  in  fa u n a l d e n s ity  and g e n e r a l ly  h ave  p o o re r  fau n a s  
(N e v in  1936 in  H yn es  1 9 7 0 ). G a u fin  (1 9 5 9 ) found th a t o rg a n is m s  w e r e  
le a s t  abundant d u rin g  and a f te r  s p a te s , though e ffe c ts  a r e  m in im iz e d  
on th o se  s u b s tra te s  le a s t  s u s c e p tib le  to  w a s h o u t. O n th e  s tu d y  a r e a  
h a b ita t lo s s  due to  w a s h o u t and  s i l ta t io n  is  g e n e r a l ly  co n fin e d  to  po o ls  
and s m a ll  ponds d u rin g  y e a rs  o f n o rm a l ru n o ff . D u r in g  flo o d  y e a r s ,  
h o w e v e r , c o n s id e ra b le  h a b ita t  a l te r a t io n  o c c u rs  in  s to n y  re a c h e s  and  
abandoned m e a n d e rs  as w e l l .  B e d ro c k  h a b ita ts  a r e  p ro b a b ly  le a s t  
a ffe c te d  d u r in g  flo o d s .
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V e g e ta t io n
B e c a u s e  o f m a r i t im e  c l im a t ic  in flu e n c e s , a  c o m p le x  of co o l 
and m o is t s ite s  p re d o m in a te s  on th e  s tu d y  a r e a .  S o u th e rn  re a c h e s  of 
th e  U p p e r  M c D o n a ld  V a l le y  a r e  d o m in a te d  b y  th e  C lin to n ia  u n if lo ra  
p h ase  o f th e  T s u g a  h e te r o p h y l la /  C lin to n ia  u n if lo ra  (w e s te rn  h e m lo c k /  
queencup b e a d li ly )  h a b ita t  typ e  (P f is t e r  e t a l .  1 9 7 4 ). B e g in n in g  n o rth  
o f M o o s e  C o u n try  a m o s a ic  o f tw o  ty p es  p r e v a ils :  th e  T s u g a  
h e te r o p h y l la / C lin to n ia  u n if lo ra  ty p e  o ccu p ies  m o re  m e s ic  s ite s  w h ile  
th e  T h u ja  p l ic a t a / O p lo p a n ax  h o r r id u m  (w e s te rn  r e d c e d a r /d e v i l 's  c lu b )  
ty p e  d o m in a te s  th e  w e t b o tto m s . T h u ja  p l ic a t a / O p lo p a n ax  h o r r id u m  
a s su m e s  d o m in an ce  a p p ro x im a te ly  2 k m  south  o f A v a la n c h e  C r e e k  and  
co ntinues  f o r  n e a r ly  4 k m . N o r th  of R e d  R o c k  P o in t th e  d o m in an t 
h a b ita t ty p e  is  th e  C lin to n ia  u n if lo ra  p h ase  o f th e  P ic e a / C lin to n ia  
u n if lo ra  (s p ru c e /q u e e n c u p  b e a d li ly )  h a b ita t  ty p e . T h a t h a b ita t ty p e  is  
in te rs p e rs e d  on the  e a s t s id e  o f th e  c r e e k  w ith  n u m e ro u s  a v a la n c h e  
s lo p e s  w h ic h  ex ten d  to  the  c r e e k  b o tto m ; th e  v a l le y 's  s teep  w e s t w a l l  
is  s p a r s e ly  v e g e ta te d , th e  r e s u lt  o f a f i r e  in  1 967 . In  lo w - ly in g  and  
p o o r ly  d ra in e d  a r e a s ,  as w e l l  as the  a v a la n c h e  s lid e s , v e g e ta tio n  is  
t y p ic a l ly  r ip a r ia n .  In  th o se  a r e a s , s tre a m b a n k s  a r e  lin e d  w ith  w illo w s  
(S a l ix ), a ld e r  (A in u s ), w ild  ro s e  (R o s a ), H a w th o rn  (C re ta e g u s  d o u g la s l i ), 
and r e d - o s ie r  dogwood (C o rn u s  s to lo n ife r a ), f r e q u e n t ly  fo rm in g  dense  
th ic k e ts . B e c a u s e  o f th e  c o n tin u a l s h if t in g  o f th e  s t r e a m  c h a n n e l, th e  
r e m a in d e r  o f the s t r e a m  g e n e r a l ly  has s te e p ly  cu t b anks w ith
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
14
c o n ife ro u s  v e g e ta tio n , in te r s p e rs e d  w ith  s o m e  r ip a r ia n  g ro w th , 
e x te n d in g  to  the s t r e a m 's  edge.
H u m an  U se
P a r k  v is ita t io n  is  s e a s o n a l and m o s t h u m a n  a c t iv i ty  o c c u rs  
d u rin g  s u m m e r . In  la te  a u tu m n  h e a v y  snow s cau se  c lo s u re  of G la c ie r  
R o u te  O ne w h ic h  ru n s  th ro u g h  th e  U p p e r  M c D o n a ld  V a l le y  and  
v e h ic u la r  t r a f f ic  is  p ro h ib ite d  n o rth  o f L a k e  M c D o n a ld  u n til  snow p low  
c re w s  b e g in  to  c le a r  th e  ro a d  in  m id - A p r i l .  W ith  the  e x c e p tio n  of 
w in te r  h ik in g  and s k i to u r in g , n e a r ly  a l l  h u m a n  a c t iv i t ie s  a lo n g  th e  
s tu d y  a r e a  o c c u r  b e tw e e n  1 M a y  and 5 S e p te m b e r , c o in c id in g  w ith  the  
H a r le q u in  b re e d in g  s e a s o n . D u r in g  th e  s u m m e r , s ig h ts e e in g , h ik in g , 
and f is h in g  a r e  th e  d o m in a n t h u m a n  a c t iv i t ie s .
G la c ie r  R o u te  O n e , th e  p r in c ip a l  ro a d  th ro u g h  the  p a rk , ru n s  
p a r a l le l  to  the c r e e k  on its  e a s t s id e . In  s e v e r a l  p la c e s  w h e re  the  
ro a d  l ie s  a d ja c e n t to  th e  c r e e k , s m a ll  p a rk in g  tu rn o u ts  e n a b le  to u r is ts  
to  stop  to  v ie w  th e  s c e n e ry . S h o rt fo o tp a th s  r a d ia t in g  f r o m  th e  
p a rk in g  a re a s  p ro v id e  a c c e s s  to  th e  c re e k ; in th o se  a re a s  th e  c r e e k  
re c e iv e s  h e a v y  use b y  to u r is ts .  M o s t h u m a n  a c t iv i t y  is c o n fin ed  to  th e  
im m e d ia te  v ic in i t y  o f p a rk in g  a re a s  s in c e  dense v e g e ta tio n  an d  b lo w ­
dow ns d is c o u ra g e  fo o t t r a v e l  a lo n g  th e  c r e e k  b o tto m . T h e  N a tio n a l  
P a r k  S e rv ic e  does not m a in ta in  t r a i ls  a lo n g  the  e a s t s id e  o f th e  c re e k .
T w o  b r id g e s  a t th e  e x tr e m e  s o u th e rn  end o f th e  s tu d y  a r e a
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en a b le  to u r is ts  to  c ro s s  th e  c r e e k . A  lo c a l ro a d  p ro v id in g  a c c e s s  to  
ca b in s  on th e  n o rth  s h o re  of L a k e  M c D o n a ld  c ro s s e s  the  c r e e k  400 m  
ab ove th e  la k e ; a p p r o x im a te ly  1 k m  fu r t h e r  u p s tre a m  a s m a ll  b r id g e  
en ab le s  h ik e r s  and e q u e s tr ia n s  to  c ro s s  th e  s t re a m . N o  o th e r  b r id g e s  
e x is t on U p p e r M c D o n a ld  C r e e k .  A  h ik in g  t r a i l  b eg in s  a t th e  la k e  and  
p a r a l le ls  th e  c re e k  on its  w e s t s id e  f o r  a p p r o x im a te ly  8 k m . T r a i l  
c re w s  m a in ta in  th e  h ik in g  t r a i l  to  its  te rm in u s  s e v e r a l  h u n d re d  m e te rs  
south  o f A v a la n c h e  C r e e k .  S in ce  i t  in te rs e c ts  no o th e r  t r a i ls  and  
c a m p in g  is  not a llo w e d  in  th is  re g io n , fe w  h ik e rs  v e n tu re  m o r e  th an  
2 k m  n o rth  of th e  fo o tb r id g e . S e v e ra l t im e s  d a i ly  d u rin g  th e  to u r is t  
seaso n  a lo c a l c o n c e s s io n a ire  conducts g u ided  h o rs e  t r ip s  a lo n g  the  
s o u th e rn  p o rt io n  of th e  t r a i l .  T h o u g h  so m e s e c tio n s  ru n  a d ja c e n t to  
the  c r e e k , p e rs o n s  t r a v e r s in g  th e  h ik in g  t r a i l  a r e  g e n e r a l ly  q u ite  
u n o b tru s iv e .
F r o m  5 June u n t il  15 O c to b e r , th e  N a tio n a l P a r k  S e rv ic e  
p e r m its  s p o rt f is h in g  w ith in  G la c ie r  P a r k .  A l l  o f th e  U p p e r  M c D o n a ld  
C re e k  e x c e p t the lo w e r  800 m  b e tw e e n  M c D o n a ld  F a l ls  and th e  la k e  is  
open to  f is h in g  w ith o u t a l ic e n s e . A f te r  s p r in g  ru n o ff s u b s id e s , a t 
a p p ro x im a te ly  th e  t im e  H a r le q u in  b ro o d s  e m e rg e , h e a v y  use b y  
a n g le rs  b e g in s . T h o u g h  m o s t a n g le rs  c o n g re g a te  n e a r  au to  a c c e s s  
s ite s , a fe w  d e te rm in e d  f is h e r m e n  re a c h  ev e n  th e  m o s t re m o te  a r e a s .  
F is h  w e r e  f o r m e r ly  p la n te d  in  th e  c r e e k , b u t changes in  m a n a g e m e n t  
p o lic ie s  h ave  p re c lu d e d  tra n s p la n ts  s in c e  th e  la te  I 9 6 0 's. T h e  r e la t iv e
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in f e r t i l i t y  o f M c D o n a ld  C r e e k  c re a te s  n o ta b ly  p o o r fis h in g  co n d itio n s  
and a n g le rs ' su cce s s  is  v e r y  lo w .
M o s t b r o o d - r e a r in g  h a b ita t  is  b u ffe re d  f r o m  h u m a n  in tru s io n  
b y  d is ta n c e  and dense v e g e ta tio n . W ith  r a r e  e x c e p tio n s , r e m o te  ponds  
p ro v id e  s a n c tu a r ie s  and h u m a n  in flu e n c e s  on ju v e n ile s  a r e  n e g lig ib le  
in  m o s t p a r ts  o f th e  s tu d y  a r e a .  H o w e v e r , th e  n u m b e r  of p a rk  v is i to r s  
ro s e  f r o m  1, 3 9 8 , 958 in  1973 to  1 ,5 7 1 ,  393 in  1975 (G la c ie r  P a r k  
r e c o rd s ) .  A s p a r k  v is ita t io n  c o n tin u es  to  in c re a s e  b y  a p p ro x im a te ly  
4 to  5 p e rc e n t  a n n u a lly , h u m an  a c t iv i t ie s  in c re a s in g ly  p e n e tra te  
p r is t in e  a re a s .
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M E T H O D S  A N D  M A T E R IA L S
T o  e x p e d ite  a n a ly s is  and p re s e n ta t io n  of d a ta , I  s e p a ra te d  the  
H a r le q u in  b re e d in g  se aso n  c h ro n o lo g ic a lly  in to  tw o  d is t in c t p e r io d s .  
D u r in g  th e  c o u rts h ip  and n e s tin g  p e r io d , o c c u r r in g  b e tw e e n  14 A p r i l  
and 30 J u n e , I  c o lle c te d  d a ta  on a c t iv i t ie s ,  in te ra c t io n s , and h a b ita t  
use b y  b re e d in g  a d u lts . D u r in g  th e  b r o o d - r e a r in g  p h ase , la s t in g  f r o m  
1 J u ly  th ro u g h  e a r ly  S e p te m b e r , I  re c o rd e d  o b s e rv a tio n s  of a c t iv i t ie s ,  
d e v e lo p m e n t, s u r v iv a l ,  and h a b ita t  use b y  b ro o d s .
O b s e rv a tio n s
H a b its  o f b re e d in g  H a r le q u in s  fa c i l i t a te d  o b s e rv a tio n  and  
Censusing; w h ile  on th e  b re e d in g  g ro u n d s  a d u lt ducks co n fin ed  n e a r ly  
a l l  a c t iv i t ie s  to  ru n n in g  w a te r  h a b ita ts . O nce e s ta b lis h e d  in  a s u ita b le  
a r e a , p a ir s  w e re  q u ite  s ta t io n a r y  w h ile  b a c h e lo r  m a le s  m o ve d  g r e a te r  
d is ta n c e s  a lo n g  th e  s t r e a m  (s e e  F ig s .  4 , 5 , A p p e n d ix  V I I ) .  A lth o u g h  
th e y  s e ld o m  f le w . H a r le q u in s  in  f l ig h t  a lw a y s  fo llo w e d  the s t re a m  
ch an n e l p r e c is e ly ,  t y p ic a l ly  w ith in  2 m  of th e  w a t e r ’s s u r fa c e . N o  
H a r le q u in s  w e r e  e v e r  s e e n  f ly in g  o v e r  la n d  and I  d id  not d e te c t a n y  
m o v e m e n ts  b e tw e e n  d ra in a g e s . B en g ts o n  (1 9 7 2 ) re p o r te d  th a t in  
Ic e la n d  no m a rk e d  H a r le q u in s  m o v e d  o v e r la n d  to  n e ig h b o r in g  s t re a m s .
17
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M o s t ducks on a  s e c tio n  of c r e e k  w e r e  e a s i ly  lo c a te d  b y  
w a lk in g  a lo n g  the  b a n k , and the  m a jo r i t y  of m y  d a ta  w e re  c o lle c te d  
w h ile  t r a v e r s in g  th e  a r e a  on fo o t. H o w e v e r , w h en  I  needed  to  re a c h  
w id e ly  s e p a ra te d  s e c tio n s  o f th e  s tu d y  a r e a  q u ic k ly , p a r t ic u la r ly  
d u rin g  s p r in g  w hen  snow  depths in h ib ite d  w a lk in g , I  t r a v e le d  b y  
a u to m o b ile  b e tw e e n  a c c e s s  p o in ts  and w a lk e d  to  a re a s  not v is ib le  f r o m  
th o se  p o in ts . C o v e ra g e  o f th e  s tu d y  a r e a  w as  not as th o ro u g h  w h en  
a u to m o b ile  t r a v e l  w as  e m p lo y e d . T h ro u g h o u t the  s tu d y  I  a tte m p te d  to  
d is tr ib u te  m y  t im e  e q u a lly  th ro u g h o u t th e  s tu d y  a r e a .  F o r  c lo s e -ra n g e  
o b s e rv a tio n s  I  used  an 8x  b in o c u la r ;  a tr ip o d -m o u n te d  2 0 -4 5  v a r ia b le  
p o w e r s p o ttin g  scope e n a b le d  v ie w in g  a t g r e a te r  d is ta n c e s .
E a c h  d is c r e te  s ig h tin g  of a du ck  o r  g roup  o f ducks w as  
c o n s id e re d  a  new  o b s e rv a tio n . A n  o b s e rv a tio n  w as te rm in a te d  w hen  
ducks b e in g  o b s e rv e d  w e r e  lo s t f r o m  v ie w  o r  w hen  I  m o ved  to  a 
d if fe re n t  p a r t  o f th e  s tu d y  a r e a .  R e lo c a tio n s  o f ducks w e r e  c o n s id e re d  
d is tin c t o b s e rv a tio n s  o n ly  w hen s e p a ra te d  te m p o r a l ly  o r  s p a t ia l ly  f r o m  
p re v io u s  o b s e rv a tio n s . O c c a s io n a lly  in d iv id u a l ducks w e r e  in c lu d e d  in  
s e v e r a l  o b s e rv a tio n s  d u r in g  a s in g le  d a y . F o r  ea ch  o b s e rv a tio n  I  
re c o rd e d  th e  fo llo w in g  d a ta : in d iv id u a l id e n t ity  (w hen p o s s ib le ) , d a te , 
t im e ,  lo c a tio n , g ro u p  c o m p o s itio n , m o v e m e n t, m a jo r  a c t iv i t ie s ,  and  
s o c ia l b e h a v io rs . I  a ls o  d e s c r ib e d  a  n u m b e r  o f fe a tu re s  of th e  h a b ita t  
b e in g  u sed . H a b ita t  d a ta  w e r e  la t e r  used  in  c o n ju n c tio n  w ith  an  
e x te n s iv e  h a b ita t  in v e n to ry  to  e v a lu a te  p re fe re n c e s  and re q u ire m e n ts .
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I  p lo tte d  on m aps th e  lo c a tio n s  o f know n ducks to  d o cu m en t m o v e m e n ts , 
s ite  te n a c ity  and e x te n t o f s e a s o n a l h o m e ra n g e s .
C ens us in g
D u r in g  1974 and 1975 I  censu sed  th e  p o p u la tio n  w e e k ly  d u rin g  
bo th  th e  c o u rts h ip  and n e s tin g  seaso n  and th e  b r o o d - r e a r in g  p e r io d .  
C en su s es  conducted  p r io r  to  1 J u ly  p ro v id e d  d ir e c t  in fo rm a tio n  on the  
s iz e  o f th e  b re e d in g  p o p u la tio n  and in d ir e c t  d a ta  on th e  t im in g  of 
a r r i v a l ,  in c u b a tio n , and  m a le  d e p a r tu re . L a t e r  censuses re v e a le d  
to ta l  p ro d u c tio n , m o r t a l i t y  of ju v e n ile s , and t im in g  of m ig r a t io n .  
D u r in g  cens us in g  I  a t te m p te d  to  o b ta in  an  a b s o lu te  coun t, b e g in n in g  a t 
th e  la k e  and w a lk in g  th e  le n g th  o f the s tu d y  a r e a  a lo n g  the  banks of the  
c r e e k  and its  a d jo in in g  ponds. T y p ic a l ly  as ducks d e te c te d  m y  
p re s e n c e , th e y  s w a m  u p s tre a m  fo r  a  s h o r t  d is ta n c e , th en  m oved  to  
m id s t r e a m  a llo w in g  th e  c u r r e n t  to  sw eep  th e m  d o w n s tre a m  p a s t m e .
I  co u n ted  o n ly  th e  b ird s  w h ic h  d r if te d  o r  f le w  d o w n s tre a m  p a s t m e  and  
d is re g a rd e d  th e  fe w  w h ic h  f le w  u p s tre a m  b e fo re  I  re a c h e d  th e m . 
O c c a s io n a lly  d u c k s , u s u a lly  th e  le s s  s e d e n ta ry  u n p a ire d  m a le s , f le w  
up p a s t m e , m o v in g  f r o m  a cen su sed  to  an un eensused  s t re tc h  of 
c re e k ;  I  d e le te d  an y  s u s p e c te d  d u p lic a tio n s  f r o m  th e  to ta l co un t.
E x c e p t in  e a r ly  s p r in g  w hen  snow depths h in d e re d  fo o t t r a v e l ,  
cen su ses  r e q u ir e d  o n ly  one d a y . W h en  h ig h  w a te r  p re v e n te d  m o v e m e n t  
n e a r  th e  c r e e k  in  s o m e  re g io n s , a c o m b in a tio n  of a u to m o b ile  and  fo o t
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t r a v e l  w a s  n e c e s s a ry . A t  e a ch  a c c e s s  p o in t I  w a lk e d  to  p ro v id e  v is u a l  
c o v e ra g e  of In a c c e s s ib le  s t re tc h e s . U n le s s  I  saw  th e m  f ly  b e tw e e n  
tw o  d if fe r e n t  a re a s  I  a s s u m e d  th a t ducks lo c a te d  a t each  p o in t w e re  
d if fe r e n t .
D e l ib e r a te  a tte m p ts  to  e l im in a te  d u p lic a te  co u n ts , c o m b in e d  
w ith  m y  In a b i l i ty  to  lo c a te  e v e r y  du ck  on th e  a r e a ,  gave  m y  e s tim a te s  
a c o n s e rv a tiv e  b ia s . A  h ig h e r  d e g re e  o f a c c u ra c y  w as p o s s ib le  In  
1975 s in c e  n e a r ly  h a lf  th e  p a irs  and one fo u r th  of a l l  the  ducks c o m ­
p r is in g  th e  p o p u la tio n  w e r e  b and ed . H o w e v e r , In  1974 o c c a s io n a l 
a tte m p ts  to  v e r i f y  a c c u ra c y  b y  cens us In g  on c o n s e c u tiv e  days p ro v id e d  
c o n s is te n t a p p ro x im a tio n s .
C ens us in g  b ro o d s  In  J u ly  w as  d if f ic u lt  b e c a u s e  fe m a le s  w ith  
young b ro o d s  w e r e  e x t r e m e ly  s e c r e t iv e  and te n d e d  to  h id e  In b a c k ­
w a te r s . B ro o d  censu ses  r e q u ire d  tw o  p e o p le , one r e m a in in g  n e a r  a 
pond o u tle t to  d e te c t ducks e n te r in g  o r  le a v in g , and one to  t r a v e l  th e  
p e r im e te r  a tte m p tin g  to  f lu s h  a n y  g ro u p s  w h ic h  r e t r e a te d  In to  s id e  
ponds. A  s e a rc h  o f th e  c r e e k  b e tw e e n  pond c o m p le x e s  In s u re d  
In c lu s io n  o f n e a r ly  a l l  b ro o d s . B ro o d  counts w e r e  c o n s is te n t s in c e  
m o v e m e n ts  of f l ig h t le s s  young w e r e  r e s t r ic te d ,  and even  w ith  
u n m a rk e d  fe m a le s , th e  n u m b e r  of young and s ta g e  o f d e v e lo p m e n t  
g e n e r a l ly  en ab led  p o s it iv e  Id e n t if ic a t io n  o f b ro o d s .
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C a p tu re  and M a rk in g
T h e  H a r le q u in s ’ h a b it o f f ly in g  lo w  fo llo w in g  th e  c r e e k  m ad e  
th e m  r e la t iv e ly  e a s y  to  c a p tu re  in  m is t  n e ts . H o w e v e r , u s in g  m is t  
nets  o v e r  ru n n in g  w a te r  r e q u ire d  s o m e  d e v ia tio n  f r o m  the t r a d it io n a l  
te c h n iq u e s  d e s c r ib e d  b y  Lo w  (1 9 5 7 ). W ith  m in o r  m o d if ic a tio n s  the  
m eth o d  d e s c r ib e d  b y  B aku s  (195  7) f o r  c a p tu r in g  D ip p e rs  (C in c lu s  
m e x ic a n u s ) p ro v id e d  good r e s u lts .  S ince  th e  c o a rs e  s u b s tra te  of 
M c D o n a ld  C r e e k  m ad e  c o n v e n tio n a l a lu m in u m  p o les  u n s u ita b le , I  
c o n s tru c te d  h e a v y  s te e l p o le s  w h ic h  w e r e  d r iv e n  in to  th e  s u b s tra te  
us ing  a  p o s t-p o u n d e r . T w o -p ly  m is t  n e ts  w ith  an 11 c m  s tre tc h e d  
m e s h  w e r e  used . T h e  f in e  m e s h  w as  r a r e ly  d e te c te d  b y  H a r le q u in s  
and s tre n g th  w as g e n e r a l ly  ad e q u a te  to  h o ld  th e m  once th e y  f le w  in to  
th e  n e t.
A lth o u g h  I  c a p tu re d  s e v e n  ducks w h ile  w o rk in g  a lo n e , tra p p in g  
su cc e ss  w as  h ig h e r  w h en  th re e  to  f iv e  p e rs o n s  a s s is te d . W h en  
a s s is ta n c e  w as a v a ila b le ,  s e v e r a l  p e o p le  m o v e d  u p s tre a m  to  lo c a te  
ducks and d r iv e  th e m  d o w n s tre a m  to w a rd  th e  n e t. T w o  p e rs o n s  
re m a in e d  n e a r  th e  n e t, one a p p r o x im a te ly  20 m  u p s tre a m . A s  soon  
as ducks m o v e d  p a s t th e  p e rs o n  u p s tre a m  f r o m  th e  n e t, he ru s h e d  
to w a rd  the  ducks to  f lu s h  th e m  in to  the  n e t. O ne p e rs o n  a lw a y s  
re m a in e d  n e a r  th e  n e t to  p re v e n t  c a p tu re d  du cks f r o m  s u b m e rg in g  
and p o s s ib ly  d ro w n in g .
T ra p p in g  f l ig h t le s s  b ro o d s  in  m is t  n e ts  r e q u ire d  c o n s id e ra b le
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
m o d if ic a t io n  o f u s u a l te c h n iq u e s . T h e  n e t w as e re c te d  d o w n s tre a m  
f r o m  a b ro o d , p r e f e r a b ly  in  a pond o u tle t o r  n a r r o w  s t re a m  c h a n n e l. 
T h e  top  h a lf  o f th e  n e t w as  su spend ed  on v e r t ic a l  p o le s  w ith  th e  m id d le  
h o r iz o n ta l s u p p o rt s t r in g  a t w a te r  le v e l .  T h e  lo w e r  h a lf  w as  s u b ­
m e rg e d  and s tre tc h e d  h o r iz o n ta l ly  u p s tre a m  w ith  th e  c o rn e rs  h e ld  
lo o s e ly  b y  w ooden s ta k e s . S p lit -s h o t  a tta c h e d  to  the lo w e s t h o r iz o n ta l  
s u p p o rt s t r in g  kep t th e  n e t s u b m e rg e d . R opes fa s te n e d  to  the  lo w e r  
c o rn e rs  and ru n n in g  th ro u g h  p u lle y s  t ie d  to  the  v e r t ic a l  p o les  
p e r m it te d  the h o r iz o n ta l s e c tio n  to  be r a is e d  q u ic k ly  in  th e  m a n n e r  o f 
a d ra w b r id g e . T ra p p in g  b ro o d s  r e q u ire d  f r o m  th re e  to  f iv e  p e rs o n s . 
O ne o r  tw o  p e rs o n s  d ro v e  th e  b ro o d  s lo w ly  d o w n s tre a m  b y  w a lk in g  
a lo n g  th e  b a n k . T h e  ducks w e r e  ch ased  the f in a l  10 m , ca u s in g  th e m  
to  ru s h  to w a rd  th e  n e t. W h en  th e y  s t ru c k  th e  n e t, th e  h o r iz o n ta l  
s e c tio n  w as q u ic k ly  r a is e d  b y  p e rs o n s  c o n tro llin g  the ro p e s ; th e  ducks  
w e r e  suspended above th e  w a te r  in  th e  lo o s e  n e t bag  w h ic h  w as fo rm e d .
W hen  c a p tu r in g  b ro o d s  o r  p a ir s ,  I  a t te m p te d  to  m in im iz e  
d is ru p t io n  of s o c ia l bonds b y  r e le a s in g  th e  ducks s im u lta n e o u s ly .
F o r  a l l  c a p tu re d  ducks I  r e c o rd e d  w e ig h t and s e v e r a l o th e r  
m e a s u re m e n ts  (B a ld w in  e t a l .  1 9 3 1 , se e  A p p e n d ix  I I I ) .  E a c h  duck  
th en  re c e iv e d  an a lu m in u m  U .S .  F is h  and W ild l i f e  S e rv ic e  band , s iz e  
6 , as w e l l  as a c o m b in a tio n  o f c o lo re d  p la s t ic  le g  bands (N a t io n a l B and  
and T a g  C o m p a n y ) to  e n a b le  in d iv id u a l id e n t if ic a t io n . I  used o n ly  re d ,  
b lu e , and y e llo w  bands s in c e  th e y  w e r e  h ig h ly  v is ib le  and co u ld  o fte n
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b e  s e e n  th ro u g h  th e  w a te r  as the  ducks s w a m . B lu e  bands ten d ed  to  
fa d e  b a d ly  d u r in g  w in te r  w h en  th e  b ird s  in h a b ite d  s a lt  w a te r .
T o  o b ta in  fo od  s a m p le s  w ith o u t s a c r i f ic in g  du cks , I  a d m in ­
is te r e d  an e m e tic  to  th re e  b a c h e lo r  m a le s . E a c h  re c e iv e d  2 . 5 cc of 
1 p e rc e n t a n tim o n y  p o ta s s iu m  t a r t r a t e  in  s o lu tio n  a d m in is te re d  b y  
m ean s o f a  5 cc d is p o s a b le  s y r in g e  and a  le n g th  o f f le x ib le  p la s t ic  
tu b in g  w ith  an e x te r n a l  d ia m e te r  o f 2 m m  (P ry s -J o n e s  et a l .  1 9 7 4 ). 
A f t e r  a d m in is t ra t io n  o f th e  e m e t ic ,  ducks w e r e  h e ld  in  a d a rk  
c o n ta in e r  to  m in im iz e  th e  t r a u m a  of h a n d lin g . A f t e r  30 m in u te s  th e  
ducks w e r e  re le a s e d  re g a rd le s s  o f w h e th e r  ernes is  had o c c u rre d .
B e h a v io rs
F o r  each  o b s e rv a tio n  I  re c o rd e d  b a s ic  d a ta  on m a in te n a n c e  
and s o c ia l b e h a v io rs , p a y in g  p a r t ic u la r  a tte n tio n  to  a g o n is tic  
b e h a v io rs , c o u rts h ip  p a t te rn s , and th e  c o p u la to ry  s e q u e n c e . Th ough  
m o s t d a ta  w e re  g a th e re d  b y  m ean s  o f a s to p w a tc h , p o r ta b le  c a s s e tte  
r e c o r d e r ,  p e n c il and n o teb o o k , o c c a s io n a l use of a s u p e r  8 m o v ie  
c a m e ra  p ro v id e d  m o re  a c c u ra te  and d e ta ile d  da ta  fo r  so m e b e h a v io rs .  
D u r in g  the  b r o o d - r e a r in g  p e r io d  I  r e c o rd e d  in te ra c t io n s  w ith in  and  
am o n g  b ro o d s .
H a b ita t
D a ta  on h a b ita t s e le c t io n  p ro v id e d  in s ig h ts  in to  e c o lo g ic a l  
r e q u ire m e n ts  o f H a r le q u in s . I  re c o rd e d  th e  fo llo w in g  in fo rm a tio n  fo r
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e a c h  o b s e rv a tio n :
1) g e n e ra l c h a r a c te r is t ic s  of the  s ite  used  (b ank ty p e , b o tto m  
ty p e , s t re a m s id e  v e g e ta tio n );
2 ) d is ta n c e  o f ducks f r o m  n e a re s t  lo a fin g  s ite  and c h a r a c te r ­
is t ic s  o f lo a f in g  s ite s  w h ic h  w e r e  used;
3 ) fre q u e n c y  o f use o f abandoned m e a n d e rs ; and
4 ) p r o x im ity  to  a re a s  o f h u m an  a c t iv i t ie s .
T o  e n a b le  a s s e s s m e n t of e c o lo g ic a l re q u ire m e n ts  and h a b ita t  
p re fe re n c e s  of H a r le q u in s , I  p re p a re d  a c o m p o s ite  m ap  lo c a tin g  
m a jo r  h a b ita t  fe a tu re s  and c la s s ify in g  h a b ita ts  in  te r m s  o f h u m an  
a c c e s s ib i l i ty .  D a ta  fo r  th e  h a b ita t  m ap  w e re  c o lle c te d  a t 200  m  
in te r v a ls  and s u p p le m e n te d  w ith  in fo rm a tio n  re c o rd e d  d u rin g  
o b s e rv a tio n s  o f d u cks . A t  each  s a m p lin g  s ite  I  s e p a ra te d  h a b ita ts  
in to  tw o  b ro a d  c a te g o r ie s :  ru n n in g  o r  s ta n d in g  w a te r .
R u n n in g  w a te r  h a b ita ts  w e re  fu r t h e r  c la s s if ie d  in  te rm s  o f 
th e  fo llo w in g  h a b ita t fe a tu re s :
1) C h a n n e l ty p e
a . m e a n d e r
b . r e t ic u la te
c . b e d ro c k  canyon
2) B a n k  types
a . v e r t ic a l  (> 4 5 ®  f r o m  h o r iz o n ta l)
b . h o r iz o n ta l ( <  4 5 “ f r o m  h o r iz o n ta l)
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3) B a n k  c o m p o s itio n
a . v e g e ta tio n
b . snags
c . r ip - r a p
d. b e d ro c k
e . co bb les
4) D is ta n c e  in  m e te rs  f r o m  w a te r 's  edge to  v is io n -o b s c u r in g  
v e g e ta tio n .
5) S u b s tra te  typ e
a . b e d ro c k
b . m ud
c . sand
d. pe b b les  (16 to  64 m m  d ia m e te r )
e . co b b les  (64 to  2 56 m m  d ia m e te r )
f .  b o u ld e rs  ( > 2 5 6  m m  d ia m e te r )
6 ) A v a i la b i l i t y  o f m id s t r e a m  lo a fin g  s ite s
a . n o n e /10 m
b . 1 to  3 /1 0  m
c . >  3 /1 0  m
7) H u m a n  a c c e s s ib i l i ty
a . a d ja c e n t: e s ta b lis h e d  a r e a  o f h u m an  a c t iv i ty  m a in ta in e d  
w ith in  10 m  o f th e  c r e e k
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b . n e a r :  e s ta b lis h e d  a r e a  o f h u m an  a c t iv i ty  m a in ta in e d  
>  10 m  and < 50 m  f r o m  the  c r e e k
c . a w a y , a c c e s s ib le :  a r e a  w h ic h , though >  50 m  f r o m  an  
a r e a  o f h u m an  a c t iv i ty ,  is  m a d e  a c c e s s ib le  b y  a  
m a in ta in e d  t r a i l
d. a w a y , in a c c e s s ib le :  a r e a  w h ic h  is  >  50 m  f r o m  an  
a r e a  o f h u m an  use and not a c c e s s ib le  b y  a m a in ta in e d  
t r a i l
P ond  h a b ita ts  w e r e  c o n s id e re d  s e p a r a te ly  to  f a c i l i t a te  a n a ly s is  
of p re fe re n c e s  f o r  v a r io u s  h a b ita t fa c to rs  p re s e n t in  those a r e a s .
E a c h  s ta n d in g  w a te r  a r e a  w as  c a te g o r iz e d  in  te r m s  of the fo llo w in g  
h a b ita t com p on ents:
1) O r ig in  o f pond
a . abandoned s t r e a m  c h a n n e l
b . b e a v e r  pond
c. e n la rg e d  a re a s  a ro u n d  s p rin g s  o r  s m a l l  s t re a m s  w h ic h  
e m p ty  in to  M c D o n a ld  C re e k
2 ) S o u rc e
a . g ro u n d  w a te r
b . s m a ll  s t re a m s
c. c r e e k  o v e r f lo w
d. h y p o rh e a l f lo w
3) A p p ro x im a te  ag e: e s t im a te d  b y  u s in g  a e r ia l  p h o to g rap h s
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and USGS to p o g ra p h ic  m a p s .
4 ) A p p ro x im a te  a r e a  d u r in g  m id -M a y :  c a lc u la te d  w ith in  
b ro a d  l im i ts  f r o m  to p o g ra p h ic a l m a p s .
5) D e p th  in  m id -M a y ;  m e a s u re d  d u rin g  e a r ly  s p r in g  ru n o ff
a . <  1 m
b . 1 to  3 m
c. >  3 m
6) B a n k  ty p e
a . v e r t ic a l  and u n d e rc u t 45° f r o m  h o r iz o n ta l)
b . h o r iz o n ta l ( < 4 5 °  f r o m  h o r iz o n ta l)
7) P e rs is te n c e :  e s t im a te d  b y  c o m p a r in g  dep th  and a p p r o x i­
m a te  a r e a  on 15 J u ly  w ith  th a t of 15 M a y .
8) D e s c r ip t io n  o f b a n k s id e  v e g e ta tio n .
9) H u m a n  a c c e s s ib i l i ty
a . a d ja c e n t: e s ta b lis h e d  a r e a  o f h u m an  a c t iv i ty  m a in ta in e d  
w ith in  10 m  o f the  pond
b . n e a r ;  e s ta b lis h e d  a r e a  o f h u m an  a c t iv i ty  m a in ta in e d  
>  10 m  and < 50 m  f r o m  th e  pond
c . a w a y , a c c e s s ib le :  a r e a  w h ic h , though >  50 m  f r o m  an  
a r e a  o f h u m a n  a c t iv i ty ,  is  m ad e  a c c e s s ib le  b y  a 
m a in ta in e d  t r a i l
d . a w a y , in a c c e s s ib le :  a r e a  w h ic h  is  >  50 m  f r o m  an  
a r e a  o f h u m a n  use and n o t a c c e s s ib le  b y  a  m a in ta in e d
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t r a i l
10) H u m an  use d u r in g  s u m m e r
a . h e avy : >  10 p e rs o n s  v is i t  a r e a  e a ch  day
b . m o d e ra te : >  5 p e rs o n s  v is i t  a r e a  each  w e e k
c . l i t t le :  2 to  5 p e rs o n s  v is i t  a r e a  each  w e e k
d. none: < 5  p e rs o n s  v is i t  a r e a  each  m o n th
11) U se  b y  H a r le q u in  D u c k s  d u rin g  c o u rts h ip  and n e s tin g
seaso n
a . h eavy : > 1 0  o b s e rv a tio n s  each  w e e k
b . m o d e ra te : 2 to  10 o b s e rv a tio n s  each  w e e k
c . l i t t le :  <  2 o b s e rv a tio n s  ea ch  w e e k
d. none: < 5  o b s e rv a tio n s  e a ch  b re e d in g  seaso n
12) U se  b y  H a r le q u in  D u c ks  d u rin g  b r o o d - r e a r in g  seaso n
a . heavy : > 1 0  o b s e rv a tio n s  each  w e e k
b . m o d e ra te : 2 to  10 o b s e rv a tio n s  e a ch  w e e k
c. l i t t le :  < 2 o b s e rv a tio n s  each  w e e k
d. none: < 5  o b s e rv a tio n s  ea ch  b re e d in g  seaso n
In  an e f fo r t  to  d e te c t te m p o r a l  changes in  re q u ire m e n ts ,  
lo c a tio n s  o f a l l  ducks o b s e rv e d  d u r in g  w e e k ly  in te rv a ls  w e re  p lo tte d  
on m aps d e lin e a tin g  m a jo r  h a b ita t  fe a tu re s .
P r e fe r e n c e  o r  a v o id a n c e  of a v a ila b le  h a b ita ts  w as  e v a lu a te d  
f o r  bo th  ru n n in g  and s ta n d in g  w a te r  h a b ita ts  u s in g  c h i-s q u a re  and  
B o n fe r ro n i z te s ts , as  d e s c r ib e d  b y  N e u  e t a l .  (1 9 7 4 ). T h e  n u ll
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h y p o th e s is  f o r  c h i-s q u a re  te s ts  w as  th a t v a r io u s  h a b ita t  fe a tu re s  w e re  
used in  p ro p o r t io n  to  th e ir  o c c u rre n c e  on th e  s tu d y  a r e a .  H a b ita t  
s e le c t io n  d u rin g  th e  c o u rts h ip  and n e s tin g  p e r io d  w as c o n s id e re d  
s e p a r a te ly  f r o m  h a b ita t  s e le c t io n  d u r in g  the  b r o o d - r e a r  ing  season; 
r e s u lts  a p p e a r  u n d e r a p p ro p r ia te  s u b h ead in g s .
S tre a m  M e a s u re m e n t
In  e v a lu a tin g  th e  in flu e n c e  of ru n o ff p a tte rn s  on b re e d in g  
a c t iv i t ie s  and re p ro d u c t iv e  s u c c e s s , I  depended p r im a r i l y  on d a ily  
s t r e a m  m e a s u re m e n t d a ta  f r o m  gauges on th e  M id d le  F o r k  of the  
F la th e a d  R iv e r  (A n on . 1973d , 1 9 74 e , 1 9 7 6 ). S ince  th e  M id d le  F o r k  
o r ig in a te s  in  a re g io n  s im i la r  to  th e  h e a d w a te rs  o f M c D o n a ld  C re e k ,  
th ose  m e a s u re m e n ts  p ro v id e d  a f a i r l y  r e l ia b le  in d ex  of ru n o ff on the  
s tu d y  a r e a .  A  gauge a t A p g a r  B r id g e  on L o w e r  M c D o n a ld  C r e e k  a ls o  
p ro v id e d  in fo rm a t io n  (A n on . 1 9 7 3 c , 19 74d , 1 9 7 5 e ). Though  L o w e r  
M c D o n a ld  C r e e k  is  th e  o n ly  s t r e a m  flo w in g  f r o m  L a k e  M c D o n a ld , 
m e a s u re m e n t o f th a t s t r e a m  y ie ld e d  le s s  v a lu a b le  in fo rm a tio n  s in c e  
th e  gauge w as  re a d  i r r e g u l a r ly  a t a p p ro x im a te  w e e k ly  in te r v a ls .  
D u r in g  1975 I  m e a s u re d  th e  s t re a m flo w  on U p p e r M c D o n a ld  C r e e k  
u s in g  a  m o d if ic a t io n  o f th e  te c h n iq u e  d e s c r ib e d  b y  R ob ins  and  
C ra w fo rd  (1 9 5 4 ). F o r  m y  m e a s u re m e n ts  I  t im e d  o ra n g e s  (H yn es  
1970 ) f lo a t in g  th ro u g h  a  10 m  in te r v a l .
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B e n th ic  C o lle c tio n s
T o  p ro v id e  a q u a lita t iv e  in d e x  o f food  p o te n t ia lly  a v a ila b le  to  
H a r le q u in s , I  c o lle c te d  s a m p le s  of a q u a tic  in s e c ts  d u rin g  a u tu m n  1974  
and a t m o n th ly  in te r v a ls  d u r in g  th e  1975 b re e d in g  seaso n . C o lle c t in g  
s ite s  in c lu d e d  th re e  d is t in c t  h a b ita ts ;
1) r i f f l e  a re a s  w ith  co bb le  s u b s tra te s ;
2 ) ra p id s  w ith  b e d ro c k  b o tto m s ; and
3) s i l t - la d e n  ponds co nn ected  to  th e  c re e k .
I  w as  a b le  to  m a k e  r e g u la r  c o lle c tio n s  f r o m  r i f f l e  a r e a s ,  but 
h igh  w a te r  o ften  p re c lu d e d  s a m p lin g  in  ponds and b e d ro c k  a r e a s . F o r  
s t re a m  c o lle c tio n s  I  used  a  k ic k  n e t w ith  a p p ro x im a te ly  8 m e s h e s /c m ;  
a d re d g e  w as used  to  s a m p le  pond b io ta . C o lle c te d  m a te r ia ls  w e re  
p re s e rv e d  in  70 p e rc e n t  e th a n o l.
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C H A P T E R  IV  
R E S U L T S
T ra p p in g  and B an d in g
T w e n ty -s e v e n  b ird s  w e r e  c a p tu re d  and m a rk e d  d u rin g  the  
s tu d y  (A p p e n d ix  V I ) .  M e n s u ra l d a ta  a p p e a r  in  A p p e n d ix  I I I .  O n ly  
th re e  a d u lts , a l l  fe m a le s ,  w e r e  tra p p e d  d u rin g  19 74 . D u r in g  1975  
n in e  a d d it io n a l a d u lts  w e r e  b a n d e d , th re e  each  of u n p a ire d  m a le s ,  
p a ire d  m a le s , and p a ire d  fe m a le s .  B o th  m e m b e rs  o f a p a ir  w e re  
m a rk e d  in  o n ly  tw o  ca ses ; in  one in s ta n c e  th e  m a le  w as the o n ly  p a ir  
m e m b e r  m a rk e d . E ig h t a d u lts  w e r e  banded  in  19 76 , fo u r  s in g le  m a le s  
and tw o  p a ir s .  D u r in g  1974  f iv e  ju v e n ile s  w e r e  m a rk e d , and in  1975  
th e  o n ly  tw o  young s u rv iv in g  on th e  s tu d y  a r e a  u n til  m ig r a t io n  w e re  
a ls o  band ed .
A l l  of th e  th re e  a d u lt fe m a le s  c a p tu re d  in  1974  re tu rn e d  to  
th e  s tu d y  a r e a  in  b o th  1975  and  1 9 7 6 . In  19 76 , 10 band ed  ducks  
(4  m a le s  and 6 fe m a le s )  r e tu r n e d  to  th e  c r e e k . O f the  fo u r  r e tu r n in g  
m a le s , one w as  u n p a ire d  in  bo th  1975  and 1 9 7 6 . A n o th e r  m a le , w h ic h  
w as u n p a ire d  in  1 9 7 5 , r e tu r n e d  w ith  a  fe m a le  in  1 976 . T h e  o th e r  tw o  
m a le s  w e r e  p a ir e d  e a c h  y e a r .  O n e  m a rk e d  m a le  w as p a ire d  w ith  th e  
s a m e  m a rk e d  fe m a le  d u r in g  b o th  y e a r s .  T h e  o th e r  p a ire d  m a le ,
31
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though he a c c o m p a n ie d  an u n m a rk e d  fe m a le  d u rin g  b o th  s e a so n s , 
o c cu p ie d  th e  s a m e  600 m  s e c tio n  o f c r e e k  and used the s a m e  lo a fin g  
and fe e d in g  s ite s  in  1975  and 1976 (A p p e n d ix  V I Ic ) .
T w o  of th e  f iv e  ducks band ed  as ju v e n ile s  d u rin g  1974  
r e tu rn e d  to  th e  s tu d y  a r e a  in  1976; b o th  w e r e  fe m a le s  and w e re  p a ire d  
w ith  unbanded m a le s . B o th  know n 2 - y e a r - o ld  fe m a le s  a r r iv e d  on the  
stu d y  a r e a  on a p p r o x im a te ly  22 M a y , 2 to  3 w e e k s  la t e r  th an  m o s t  
p a irs  a r r iv e d .  E a c h  e s ta b lis h e d  a s e a s o n a l ho m e ra n g e  w ith  2 k m  
of its  n a ta l h o m e ra n g e .
C o u rts h ip  and N e s tin g  Season
C h ro n o lo g y . F ig .  2 d e p ic ts  th e  b re e d in g  c h ro n o lo g y  of 
H a r le q u in  D u cks  on M c D o n a ld  C r e e k .  E a c h  s p r in g  one o r  m o re  
n o n b re e d in g  m a le s  a r r iv e d  on th e  s tu d y  a r e a  in  m id - A p r i l ,  p re c e d in g  
the  m a jo r i t y  o f the  p o p u la tio n  b y  2 to  3 w e e k s  (T a b le  2 ) . T h e  e a r l ie s t  
r e c o r d  o f a  H a r le q u in  n e a r  G la c ie r  P a r k  w as  th a t o f an u n p a ire d  m a le  
seen  on 4 A p r i l  1 9 7 0 , on th e  M id d le  F o r k  o f th e  F la th e a d  R iv e r  
(G la c ie r  N a t io n a l P a r k  F i le s ) .  A f t e r  re a c h in g  th e  s tu d y  a r e a ,  e a r ly  
a r r iv a ls  c o n fin e d  t h e ir  a c t iv i t ie s  to  th e  u p p e r end of L a k e  M c D o n a ld  
and the  s o u th e rn  3 k m  of U p p e r  M c D o n a ld  C r e e k  (s ee  F ig .  3 ). In  
both  1974  and  1975  I  e s t im a te d  th a t fe w e r  th an  f iv e  H a r le q u in s , a l l  
s in g le  m a le s , w e r e  p re s e n t  b e fo re  27  A p r i l  w hen  th e  f i r s t  p a irs  w e re  
lo c a te d . N u m b e rs  in c re a s e d  g r a d u a l ly  u n t i l  th e  th ir d  w e e k  o f M a y
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F ig .  2 . C h ro n o lo g y  o f b re e d in g  a c t iv i t ie s  on U p p e r  M c D o n a ld  
C r e e k ,  1 9 7 3 -1 9 7 5 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD■D
O
Q.
C
g
Q.
■ D
CD
C/)
C/)
8
( O '
3.
3"
CD
CD■D
O
Q.
C
a
o3
" O
o
CD
Q.
■D
CD
C/)
C/)
Fledging
&
Migration
..Brood
Rearing
Hatching
<f<J*
Departure
Peak
Runoff
Incubation
Laying
Copulation
Courtship
Arrival
DEED IN G  SEASON CHRONOLOGY
10 15 20 25 30 5 10 15 20 25 30 4 9 14 19 24 29 4
/^ ril May June
9 M 19 24 29 3 8 13 18 23
July August
34
w h en  th e  m a jo r i t y  o f th e  p o p u la tio n  w as  p re s e n t . A l l  fe m a le s  o b s e rv e d  
w e r e  p a ir e d  upon a r r i v a l ,  and no u n e s c o rte d  fe m a le s  w e re  s e e n  b e fo re  
13 M a y . O n 13 M a y  19 75 , a banded  fe m a le  w as  o b s e rv e d  fe e d in g  
a lo n e  f o r  30 m in u te s . T h a t  fe m a le  had been  p a ire d  w h en  c a p tu re d  on 
10 M a y  and w as lo c a te d  w ith  a  m a te  on f iv e  subsequent o c c a s io n s .
T a b le  2 . E a r l ie s t  a r r i v a l  d a tes  o f s p r in g m ig ra n ts .
Y e a r U n p a ire d  m a le s P a ir s
1974 14 A p r i l 2 7 A p r i l
1975 12 A p r i l 2 7 A p r i l
1976 16 A p r i l 30 A p r i l
C o u rts h ip  a c t iv i t ie s ,  though w e l l  u n d e rw a y  upon a r r i v a l ,  
co n tin u e d  th ro u g h  th e  m id d le  of Ju n e . O b s e rv a tio n s  o f c o u rts h ip  
b e h a v io rs  ty p ic a l ly  in v o lv e d  in te ra c t io n s  b e tw e e n  b a c h e lo r  m a le s  and  
p a ir s .  U n p a ire d  d ra k e s  m a x im iz e d  th e  p o te n tia l f o r  s o c ia l e n c o u n te r  
b y  t r a v e l in g  lo ng  d is ta n c e s  a lo n g  the c r e e k . W h e n e v e r  u n p a ire d  m a le s  
e n c o u n te re d  a  fe m a le ,  c o u rts h ip  d is p la y s  en sued . P a ir s  ty p ic a l ly  
re a c te d  a g g r e s s iv e ly  to  th w a r t  a n y  in tru d e r ;  in  a l l  in te ra c t io n s  w h e re  
in d iv id u a l id e n t if ic a t io n  w as  p o s s ib le , p a ir s  su cce ed ed  in  r e p e ll in g  
b a c h e lo r  m a le s . D u r in g  th e  la t t e r  p a r t  o f M a y  th e  fre q u e n c y  of 
c o u r ts h ip  in te ra c t io n s  d e c lin e d  and th e  in te n s ity  and d u ra tio n  of th ose
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in te ra c t io n s  d e c re a s e d . T o w a rd  th e  end of Ju n e , m a le s  d is p la y e d  
l i t t l e  s e x u a l in te r e s t  in  fe m a le s ,  even  w h en  the  fe m a le s  w e re  
u n a tten d ed .
A m o n g  p a ir s ,  c o p u la tio n  re p re s e n te d  the c u lm in a tio n  of 
c o u rts h ip  and  p a ir -m a in ta in in g  a c t iv i t ie s .  C o p u la to ry  b e h a v io r  
p ro b a b ly  b eg in s  p re c e d in g  a r r i v a l  on the  s tu d y  a r e a ,  and the  e a r l ie s t  
c o p u la tio n  I  o b s e rv e d  w as on 3 M a y . T h e  fre q u e n c y  o f co p u la tio n s  
w as h ig h e s t d u rin g  the  la t t e r  h a lf  o f M a y  and f i r s t  w e e k  of June; o n ly  
one c o p u la tio n  w a s  o b s e rv e d  a f te r  8 Ju n e .
I  e s t im a te d  d a tes  f o r  e g g - la y in g , in c u b a tio n , and h a tc h in g  b y  
b a c k c o u n tin g  f r o m  dates  o f b ro o d  e m e rg e n c e . In  c a lc u la t in g  a p p r o x i­
m a te  dates  I  a llo w e d  13 days f o r  c o m p le tin g  an  a v e ra g e  c lu tc h  of s ix  
eggs (c lu tc h  s iz e  d a ta  f r o m  B en g tso n  19 72 , D . E . C ro u c h  p e rs . c o m m .) ,  
w ith  the  2 8 -d a y  in c u b a tio n  p e r io d  b e g in n in g  a f te r  the  la s t  egg w as  la id  
(d a ta  f r o m  B en g tso n  1 9 7 2 ).
M o s t fe m a le s  in  th e  p o p u la tio n  p ro b a b ly  la id  th e ir  eggs 
b e tw ee n  18 M a y  and  8 J u n e , though in  1973 th e  t im in g  o f tw o  b ro o d s  
d e v ia te d  c o n s id e ra b ly  (s ee  F ig .  6 ). In c u b a tio n  la s te d  th ro u g h o u t June  
and in  1974 and 1 9 7 5 , c o in c id e d  w ith  th e  p e a k  of ru n o ff . W ith  the  
on set o f in c u b a tio n , p a i r  bonds b eg an  to  d is in te g ra te . B y  m id -J u n e  
p a ir  d is s o lu tio n  w as  c o m p le te  and th e  m a le s  b eg an  d e p a r t in g  f r o m  the  
s tu d y  a r e a .  In  1 974  and 1975  m o s t m a le s  aband on ed  the  b re e d in g  
grou nd s a t th e  h e ig h t o f s p r in g  ru n o ff .
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O f 15 know n b ro o d s  p ro d u c e d  on o r  above the  s tu d y  a r e a  
d u rin g  th e  3 y e a r s , 11 p ro b a b ly  h a tch ed  b e tw e e n  30 June and 6 J u ly ,  
F r o m  e a r ly  J u ly  u n til  S e p te m b e r , dependent b ro o d s  a c c o m p a n ie d  b y  
th e i r  m o th e rs  o c cu p ied  the  s tu d y  a r e a .  D u r in g  th e  f i r s t  4 w e e k s , 
b ro o d s  ty p ic a l ly  sp en t l i t t l e  t im e  o u ts id e  the s a n c tu a ry  of the b a c k ­
w a te r s .  T h e r e a f te r  m o v e m e n ts  b e c a m e  m o re  e x te n s iv e  and h o m e  
ra n g e s  w e r e  c o n tin u a lly  expanded  in  a d o w n s tre a m  d ire c t io n . U s u a lly  
b y  th e  s ix th  w e e k , b ro o d s  abandoned th e ir  n a ta l a r e a s , m o v in g  d o w n ­
s t r e a m  to  an  a r e a  o f b e d ro c k  canyons le s s  th an  2 k m  above L a k e  
M c D o n a ld . M e m b e rs  o f o n ly  tw o  b ro o d s  re m a in e d  on the c r e e k  u n til  
f l ig h t  a tta in m e n t; a l l  o th e r  b ro o d s  d e p a rte d  b y  the  se v e n th  o r  e ig h th  
w e e k  w hen  the  young, though no t fu l ly  fle d g e d , w e re  a b le  to  f lu t te r  
o v e r  th e  w a te r  fo r  30 m  o r  m o re .
P o p u la tio n  e s t im a te s . In  1974 and 1975 the  b re e d in g  
p o p u la tio n  in c re a s e d  s te a d ily  a f te r  th e  a r r i v a l  o f th e  f i r s t  b ird s  in  
A p r i l  u n t il  the fo u r th  w e e k  o f M a y  (T a b le  3 ). T h e  h ig h e s t p o p u la tio n  
e s t im a te  in  1974 (11 p a ir s  and 10 to  12 s u rp lu s  m a le s )  w as  s l ig h t ly  
le s s  th a n  th e  p e a k  n u m b e r  in  1975 (13 p a ir s ,  13 s u rp lu s  m a le s , and  
2 u n atten d ed  fe m a le s ) .  D u r in g  1974 cen su ses  the  g re a te s t  n u m b e r  o f 
p a ir s  w as  11 , o b s e rv e d  on 2 4  M a y , w h ile  d u r in g  1 975 , 14 p a irs  w e r e  
counted  on 15 M a y . A s  e a r ly  as th e  m id d le  of M a y , I  o c c a s io n a lly  
o b s e rv e d  u n e s c o rte d  fe m a le s .  A f te r  5 June th e  n u m b e r  o f p a ir s
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I Table 3. Results of censuses of the breeding population.
■o
CD
Census date
3 17 24 1 8 15 22 29 5 12 19 26 3 10
5'
3
Apr. Apr. May May May May May June June June June July July
O
1974
8 No. unpaired females 0 0 0 0 0 0 0 3 3 4 3 7 9
(S '
o
No. unpaired males 3 3 9 8 11 12 10 14 7 3 4 4 0
3
CD No. pairs 0 1 7 6 10 10 11 3 1 2 1 0 0
"n
c
3 .
Sex ratio
3 "
CD Males :females 3:0 4:1 16:7 14:6 21:10 22:10 21:11 17:6 8:4 5:6 5:6 4:7 0:9
CD
"O
O
Q .
C
a
(Percent males) (100) (80) (70) (70) (68) (69) (66) (74) (67) (45) (45) (36) (0)
o
3
"D
O
3 "
3
1975
CD
Q .
<
No. unpaired females 0 0 0 0 1 2 7 7 9 6 10 10 10
<
go No. unpaired males 2 2 10 10 11 13 13 18 14 10 10 5 0
T3
CD
3
(/)
w
o
No. pairs 
Sex ratio
0 1 8 10 14 13 10 9 5 4 0 0 0
3
Males:females 2:0 3:1 18:8 20:i0 25:15 26:15 23:17 27:16 19:14 14:10 10:10 5:10 0:10
(Percent males) (100) (75) (69) (67) (63) (63) (62) (63) (58) (58) (50) (33) (0)
to
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v is ib le  b e g a n  to  d e c lin e  r a p id ly  and s in g le  m a le s  in c re a s e d  s lig h t ly .  
O b s e rv a tio n s  of u n p a ire d  m a le s  and fe m a le s  in c re a s e d  in  m id -J u n e  
and th e  fre q u e n c y  o f o b s e rv a tio n s  o f p a ir s  d ro p p ed  (T a b le  4 ). B y  la te  
June o n ly  a s m a ll  n u m b e r  o f m a le s  re m a in e d , and u n e s c o rte d  fe m a le s  
c o m p r is e d  an in c re a s in g  p ro p o r t io n  of th e  d w in d lin g  p o p u la tio n .
T h ro u g h o u t th e  c o u rts h ip  and n e s tin g  s e a so n , th e re  w as a  
p re p o n d e ra n c e  o f n o n b re e d in g  m a le s . A l l  u n p a ire d  m a le s  a p p e a re d  to  
have  a t ta in e d  d e f in it iv e  p lu m a g e  and w e r e  p re s u m e d  to  be ad u lts  w h ic h  
had b e en  u n s u c c e s s fu l in  o b ta in in g  m a te s . F i r s t  y e a r  fe m a le s  a r e  not 
d is tin g u is h a b le  b y  p lu m a g e  c h a ra c te rs  (B en g ts o n  1 9 7 2 , P a lm e r  1 9 7 6 ), 
but b a s e d  on b e h a v io r a l c r i t e r i a ,  a l l  fe m a le s  in  th e  p o p u la tio n  w e r e  
c o n s id e re d  s e x u a lly  m a tu re  and p o te n tia l b r e e d e r s .
D is t r ib u t io n  and m o v e m e n ts . D u r in g  A p r i l  censu ses  a l l  ducks  
w e re  c o n c e n tra te d  on th e  lo w e r  h a lf  o f th e  s tu d y  a r e a  and m o s t  
occu p ied  th e  s o u th e rn  3 k m  (F ig .  3 ). B y  th e  m id d le  o f M a y , p a irs  
w e re  s p a ce d  q u ite  r e g u la r ly  a lo n g  th e  s tu d y  a r e a  though fe w  ducks  
in h a b ite d  th e  lo w e r  2 k m . P a i r s ,  once e s ta b lis h e d  on a s t re tc h  of 
c re e k , ten d ed  to  be r a t h e r  s e d e n ta ry  and r a r e ly  ra n g e d  m o re  th an  
1 o r  2 k m  (F ig .  4 , A p p e n d ix  V I I ) ,  w h ile  s u rp lu s  m a le s  t r a v e le d  
e x te n s iv e ly  a lo n g  th e  c r e e k  (F ig .  5 , A p p e n d ix  V I I ) .  P o p u la tio n  
e s tim a te s  on 15 M a y  1974  re v e a le d  a d e n s ity  o f one p a ir  fo r  e v e r y  
1. 5 k m  of s t r e a m  h a b ita t;  on th e  s a m e  d a te  in  1975 th e  d e n s ity  w as
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T a b le  4 . R e la t iv e  fre q u e n c y  o f o b s e rv a tio n s  b y  se x  and s o c ia l s ta tu s .
W e e k
en d in g
N o .
o b s e rv a tio n s
N o . (p e rc e n t)  
u n p a ire d  
m a le s
N o . (p e rc e n t)  
u n p a ire d  
fe m a le s
N o- (p e rc e n t)  
p a irs
1974
23 A p r i l 1 1 (1 0 0 ) 0 (0) 0 (0 )
30 A p r i l 9 6 (6 7 ) 0 (0 ) 4 (4 4 )
7 M a y 27 13 (4 8 ) 0 (0 ) 15 (56 )
14 M a y 26 18 (6 9 ) 0 (0 ) 13 (5 0 )
21 M a y 46 16 (3 5 ) 0 (0 ) 35 (7 6 )
28 M a y 21 15 (71) 0 (0 ) 8 (3 8 )
4 June 20 16 (8 0 ) 0 (0 ) 4 (2 0 )
11 June 22 18 (8 2 ) 2 (9 ) 8 (3 6 )
18 June 33 21 (6 4 ) 14 (4 2 ) 3 (9 )
2 5 June 18 9 (5 0 ) 9 (5 0 ) 4 (22 )
2 J u ly 43 20 (4 7 ) 29 (6 7 ) 0 (0 )
9 J u ly 20 0 (0 ) 20 (1 0 0 ) 0 (0 )
1975
23 A p r i l 1 1 (1 0 0 ) 0 (0 ) 0 (0 )
30 A p r i l 2 1 (5 0 ) 0 (0 ) 1 (5 0 )
7 M a y 74 40 (5 4 ) 0 (0 ) 41 (5 5 )
14 M a y 21 14 (6 7 ) 2 (1 0 ) 12 (5 7 )
21 M a y 90 57 (6 3 ) 9 (1 0 ) 41 (4 6 )
28  M a y 26 14 (5 4 ) 3 (12 ) 11 (42 )
4 June 94 51 (54 ) 26 (2 8 ) 31 (3 3 )
11 June 40 25 (6 3 ) 19 (48 ) 18 (4 5 )
18 June 38 29 (7 6 ) 7 (1 8 ) 7 (1 8 )
25  June 19 12 (6 3 ) 16 (8 4 ) 3 (1 6 )
2 J u ly 41 20 (4 9 ) 29 (7 1 ) 0 (0 )
9 J u ly 15 0 (0 ) 15 (1 0 0 ) 0 (0 )
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F ig .  3 . G r a p h ic a l re p r e s e n ta t io n  o f s tu d y  a r e a  s h o w in g  
d is t r ib u t io n  of p o p u la tio n  d u rin g  s e le c te d  c e n s u s e s .
A = S in g le  m a le .
# =  P a i r .
■  = U n e s c o rte d  fe m a le .
X ' = S u p e rs c r ip t  re p re s e n ts  b and  n u m b e r  o f kn o w n  d u c k , 
a and b w e r e  id e n t if ia b le  due to  d is t in c t iv e  p lu m a g e  fe a tu re s .
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F ig .  4 . L o c a tio n s  and d a tes  o f o b s e rv a tio n s  o f a p a i r  (m a le  14  
an d  fe m a le  3) d u r in g  th e  1975 and 1976  c o u r ts h ip  and n e s t in g  s e a s o n s .
In  1975  d is s o lu tio n  of th e  p a ir  bond b eg an  on 4 J u n e . In  1976  p a ir -b o n d
d is s o lu tio n  b eg an  on 31 M a y . O n 10 Ju ne 1 9 7 5 , fe m a le  3 w a s  o b s e rv e d  
2 k m  n o r th  o f th e  p a i r 's  s e a s o n a l h o m e ra n g e ; sh e  la t e r  r e a r e d  a  b ro o d  
in  th e  a r e a  of th e  10 Ju ne lo c a t io n .
A P a ir e d  1 9 75 .
A =  P a ir e d  19 76 .
■  = M a le  o n ly  1 9 7 5 .
□  = M a le  o n ly  1976 .
# =  F e m a le  o n ly  1 975 .
a=  O n 15 J u n e , 14 and  3 a r r iv e d  a t th e  ponds s e p a r a te ly  
and sp en t 2 h o u rs  fe e d in g  to g e th e r  b e fo re  3 d e p a r te d  
f ly in g  u p s tre a m .
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F ig . 5. Locations and dates of observations of s ingle  
m ale  16 during  both the 1975 and 1976 courtsh ip  and nesting seasons.
■ = 1975 observation .
□= 1976 observation .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5-9 a
6 -2Ô
5-1 D  
5-15 a  
5-19
5-31 
5 3 0 0  
5-8 □ □  5-I
5*30
6-27
5 31 □
N
i
o n e  km
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
one p a ir  p e r  1. 1 k m  of s t r e a m . A p p e n d ix  V  c o m p a re s  e s tim a te s  of 
b re e d in g  d e n s ity  on v a r io u s  c re e k s  w ith in  th e  s p e c ie s ' b re e d in g  ra n g e .  
O n 5 Ju ne bo th  p a ir s  and s in g le  m a le s  se e m e d  to  c o n c e n tra te  
a c t iv i t ie s  in  and n e a r  pond h a b ita ts . B y  26  June the  re m a in in g  ducks  
w h ic h  w e r e  v is ib le  on the  s tu d y  a r e a  tended  to  be  m o re  g re g a r io u s  
th a n  e a r l i e r  in  th e  b re e d in g  se aso n  (F ig . 3 ).
B e h a v io rs . T h ro u g h o u t th e  c o u rts h ip  and n e s tin g  p e r io d ,  
m a in te n a n c e  a c t iv i t ie s  co nsu m ed  the m a jo r i ty  of the H a r le q u in s ' t im e .  
L o n g  fe e d in g  bouts  o c c u r re d  th ro u g h o u t the  day , but fe e d in g  w as  
u s u a lly  m o s t in te n s e  d u r in g  a 2 -  to  4 -h o u r  p e r io d  b e g in n in g  s h o r t ly  
a f te r  s u n r is e  and a g a in  f o r  s e v e r a l  h o u rs  b e fo re  s u n s e t. V i r t u a l ly  
a l l  m o v e m e n ts  and fe e d in g  o c c u r re d  d u rin g  d a y lig h t and ducks  
t y p ic a l ly  s e le c te d  a  ro o s tin g  s ite  s h o r t ly  a f te r  s u n se t.
H a r le q u in s  e m p lo y e d  v a r io u s  fo ra g in g  m eth o d s  In re s p o n s e  
to  s t r e a m  depth  and c u r r e n t .  W h e re  th e  w a te r  depth  w as 0 . 5 to  4 .0  m , 
fo od  w as  o b ta in ed  b y  d iv in g . W h en  d iv in g , ducks ty p ic a l ly  s e le c te d  
a re a s  w ith  tu rb u le n t c u r r e n t  though th e y  a ls o  fre q u e n te d  h o le s  on the  
le e w a rd  s id e  o f ro c k s  o r  deep p o o ls . O fte n  th e y  fe d  in ra p id s  w h ic h  
o ffe re d  no s a n c tu a ry  f r o m  s tro n g  c u r r e n ts , but ed d ie s  and p o o ls , 
w h en  a v a ila b le ,  s e rv e d  as  te m p o r a r y  re s t in g  s p o ts . D iv e s  la s te d  up 
to  40 seconds an d , d u rin g  in te n s e  fe e d in g , t im e  u n d e rw a te r  a v e ra g e d  
s lig h t ly  o v e r  20 secon ds w ith  pauses  b e tw e e n  d iv es  of 5 to  6 seco n d s .
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W h ile  a t the  s u r fa c e , ducks f r e q u e n t ly  d ipped  the  b i l l  and eyes in  th e  
w a te r  in  th e  L o o k in g - fo r - fo o d  p o s tu re  (M y re s  1 9 5 9 ). L e n g th  of d ives  
v a r ie d  w ith  depth , s u b s tra te  ty p e , and c u r r e n ts .  D ucks  g e n e r a l ly  
o r ie n te d  u p s tre a m  w h en  d iv in g  and m o ve d  a g a in s t the  c u r r e n t  w h ile  
s u b m e rg e d ; o fte n  th e y  s u r fa c e d  s l ig h t ly  u p s tre a m  f r o m  th e  p o in t 
w h e re  th e  d iv e  o r ig in a te d . C le a r  w a te r  f r e q u e n t ly  e n ab led  m e  to  
o b s e rv e  th e  u n d e rw a te r  a c tio n s  o f H a r le q u in s . Th ou gh  th e  w in g s  w e re  
f l ic k e d  open upon e n tr y  in to  th e  w a te r ,  th e y  w e re  h e ld  lo o s e ly  a t the  
b ir d 's  s id e s  and no t used  f o r  p ro p u ls io n  w h ile  s u b m e rg e d . T h e  a lu la  
w e re  s p re a d  la t e r a l ly ,  p ro je c t in g  o u tw a rd  f r o m  th e  w in g . B oth  
B engtson  (1 9 6 6 ) and M ic h a e l an d  M ic h a e l (1 9 2 2 ), f e l t  th a t s u b m e rg e d  
H a r le q u in  D u cks  w a lk  on th e  s u b s tra te  l ik e  D ip p e rs . A t  no t im e  d id  I  
o b s e rv e  th is  b e h a v io r  d u r in g  d iv in g ; the fe e t  w e r e  a lw a y s  ex ten d ed  
p o s t e r o - la t e r a l ly  and  k ic k e d  c o n tin u o u s ly  to  p ro p e l th e  ducks as th e y  
p ro b e d  am on g the  r o c k s . W h e n  a s c e n d in g , ducks ce ase d  p a d d lin g  
m o m e n ta r i ly  and f lo a te d  q u ic k ly  to  th e  s u r fa c e .
M o re  r a r e ly .  H a r le q u in s  used  tw o  o th e r  fe e d in g  m e th o d s . 
W hen m o v in g  u p s tre a m  in  s h a llo w  r i f f le s  o r  in  s h a llo w  re g io n s  w ith  
s la c k  c u r r e n t  n e a r  the  s t r e a m  ed g e , th e  ducks o fte n  s u b m e rg e d  o n ly  
th e ir  b i l ls  o r  h e a d s . W h ile  fe e d in g  in  th is  m a n n e r . H a r le q u in s  e ith e r  
w a lk e d  on the b o tto m  o r  s w a m  w h ile  p ro b in g  th e  s u b s tra te . L e s s  
o ften , w hen fe e d in g  in  a re a s  o f in te r m e d ia te  d e p th , th e y  tip p e d  up in  
the  m a n n e r  of d a b b lin g  d u c k s .
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B e tw e e n  fe e d in g  bouts  m u ch  t im e  w as sp en t e ith e r  p re e n in g  o r  
s le e p in g  on ro c k s  and lo gs  in  m id s t r e a m  o r  a t the  s t r e a m 's  edge.
H a r le q u in s  w e re  re lu c ta n t  to  f l y  and used f l ig h t  p r im a r i l y  
w h en  m o v in g  lo ng  d is ta n c e s , p a r t ic u la r ly  u p s tre a m . W hen s w im m in g  
u p s tre a m  th e y  g e n e r a l ly  s ta y e d  n e a r  th e  s t re a m  edge w h e re  c u r r e n t  
s tre n g th  w as  re d u c e d . In  m o re  tu rb u le n t  a re a s  o r  w h en  c ro s s in g  the  
s t re a m  in  h e a v y  c u r r e n t ,  th e  ducks r a is e d  t h e ir  b o d ie s  s l ig h t ly  out of 
the  w a te r  and ru s h e d  s h o r t  d is ta n c e s  o v e r  the  s u r fa c e . F r e q u e n t ly  
th e y  used  th e ir  w in g s  in  a  ro w in g  m o tio n  to  h e lp  p ro p e l th e m  a g a in s t  
s tro n g  c u r r e n t .  W hen  t r a v e l in g  d o w n s tre a m  H a r le q u in s  a lm o s t a lw a y s  
s w a m , depen d in g  on th e  c u r r e n t  to  p ro v id e  m o s t o f the  p ro p u ls io n .
F l ig h t  w as m o s t co m m o n  d u rin g  s p r in g  a r r i v a l  as th e  
m e m b e rs  o f th e  p o p u la tio n  d is p e rs e d  a lo n g  the  c r e e k  and p re c e d in g  
the  d e p a r tu re  o f m a le s  and  u n p ro d u c tiv e  fe m a le s . B a c h e lo r  m a le s  
f le w  m o re  o ften  th a n  p a ir s  s in c e  th e y  t r a v e le d  g r e a te r  d is ta n c e s  a lo n g  
the s tu d y  a r e a . In c u b a tin g  fe m a le s  a ls o  f le w  to  re a c h  p r e fe r r e d  
fe e d in g  a re a s  d u r in g  in a tte n t iv e  p e r io d s . D u c ks  ty p ic a l ly  s ig n a le d  
th e ir  in te n t to  f l y  b y  d is p la y in g  q u ic k  s e r ie s  o f la t e r a l  b i l l  shakes  
w h ile  e x te n d in g  the  n e c k  v e r t ic a l ly  and h o ld in g  th e  head  e re c t  w ith  the  
b i l l  h o r iz o n ta l.
W ith  fe w  e x c e p tio n s  H a r le q u in s  r a r e l y  f le w  w hen  th re a te n e d  
b y  p o te n tia l p re d a to rs ;  th e  e s c ap e  r e a c t io n  c o n s is te d  o f m o v in g  
q u ic k ly  to  m id s t r e a m  an d  a llo w in g  th e  c u r r e n t  to  sw eep  th e m
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d o w n s tre a m  u n til ou t o f d a n g e r . F r ig h te n e d  ducks tended  to  f ly  m o re  
r e a d i ly  d u r in g  th e  p e r io d s  im m e d ia te ly  fo llo w in g  s p r in g  a r r i v a l  and  
p re c e d in g  th e  d e p a r tu re  o f m a le s  and u n s u c c e s s fu l fe m a le s .
O n th e  b re e d in g  g rou nd s H a r le q u in  D ucks  w e re  r e la t iv e ly  
n o n g re g a r io u s . A lth o u g h  th e re  w as  no e v id e n c e  o f t e r r i t o r ia l i t y ,  
p a ir s  w e r e  g e n e r a l ly  in to le ra n t  o f a l l  o th e r  p a ir s ,  as w e l l  as b a c h e lo r  
m a le s  and u n e s c o rte d  fe m a le s  w h ic h  v io la te d  t h e i r  in d iv id u a l d is ta n c e . 
U n e s c o rte d  fe m a le s  w e r e  u s u a lly  s o l i t a r y ,  b u t th e y  s o m e tim e s  
a p p ro a c h e d  p a irs  and o c c a s io n a lly  to le r a te d  m a le s  in  th e ir  p re s e n c e .  
B a c h e lo r  m a le s  w e re  m o s t g re g a r io u s  and o c c a s io n a lly  as m a n y  as  
fo u r  u n p a ire d  m a le s  fo rm e d  te m p o r a r y  a s s o c ia t io n s , t r a v e l in g  and  
fe e d in g  to g e th e r  fo r  s e v e r a l  h o u rs  b e fo re  s e p a ra t in g . D a ta  in  T a b le  5 
r e f le c t  th e  d e g re e  o f s o c ia b i l i t y  o f p a ir s ,  s in g le  m a le s , and  
u n e s c o rte d  fe m a le s . F e w e r  th an  10 p e rc e n t o f a l l  o b s e rv a tio n s  
in v o lv e d  p a irs  in  s o c ia l c o n ta c t w ith  o th e r  p a ir s ,  w h ile  s l ig h t ly  o v e r  
10 p e rc e n t w e re  p a i r - m a le  in te ra c t io n s  and about 5 p e rc e n t in v o lv e d  
p a irs  in te ra c t in g  w ith  u n e s c o rte d  fe m a le s .  T h e  fre q u e n c y  of s o c ia l  
in te ra c t io n s  in v o lv in g  s in g le  m a le s  re s u lte d  f r o m  th e ir  co n s tan t 
t r a v e l  in  s e a rc h  o f p o te n t ia l m a te s . A f t e r  18 J u n e , fe m a le s  w h ic h  had  
fa i le d  to  b re e d  s u c c e s s fu lly  te n d e d  to  a g g re g a te  and m a n y  of th e m  
d is a p p e a re d  f r o m  th e  s tu d y  a r e a  as th e  f in a l  m a le s  w e r e  le a v in g .
E v e n  in  s o c ia l  c o n te x ts . H a r le q u in s  p o ss e s s e d  a m e a g e r  
r e p e r t o ir e  o f d is p la y s . T h e  H e a d -n o d  (M y re s  1 9 5 9 ) w as  th e  p r im a r y
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T a b le  5. R e la tive  frequency of observations by socia l grouping. Expressed as num ber (percentage) 
of to ta l observations fro m  1974 and 1975 combined.
W eek
ending
No.
o b s e r­
vations
Single
m ale
> 1 m ale Single
fem a le
> 1 fem ale Single
p a ir
> 1 p a ir
P a ir  and 
single  
m ale
P a ir  and 
single  
fem a le
23 A p r i l 2 2 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
30 A p r i l 11 6 (55) 1 (9) 0 (0) 0 (0) 4 (36) 1 (9) 1 (9) 0 (0)
7 M a y 101 36 (36) 17 (17) 0 (0) 0 (0) 51 (50) 5 (5) 8 (8) 0 (0)
14 M a y 47 28 (60) 4 (9) 2 (4) 0 (0) 19 (40) 6 '(13) 12 (26) 0 (0)
21 M a y 136 60 (44) 13 (10) 8 (6) 1 (1) 72 (53) 4 (3) 18 (13) 2 (1)
28 M a y 47 26 (55) 3 (6) 2 (4) 1 (2) 17 (36) 2 (4) 3 (6) 1 (2)
4 June 114 51 (45) 16 (14) 25 (22) 1 (1) 31 (27) 4 (4) 7 (6) 2 (2)
11 June 62 32 (52) 11 (18) 21 (34) 0 (0) 24 (39) 2 (3) 10 (16) 2 (3)
18 June 71 39 (55) 11 (15) 18 (25) 3 (4) 9 (13) 1 (1) 6 (8) 1 (1)
25 June 37 18 (49) 3 (8) 17 (46) 8 (22) 7 (19) 0 (0) 1 (3) 4 (11)
2 Ju ly 84 30 (36) 10 (12) 41 (49) 17 (20) 0 (0) 0 (0) 0 (0) 0 (0)
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s o c ia l d is p la y . B o th  B en g ts o n  (1 9 6 6 ) and  M y r e s  (1 9 5 7 , 1959) f e l t  th a t  
the  fo r m  o f th e  H e a d -n o d  d is p la y  o f H a r le q u in s  w as  s im i la r  to  R o ta r y -  
p u m p in g  in  B a r r o w 's  G o ld e n e y e  (B u c e p h a la  is la n d ic a ). H o w e v e r , the  
H e a d -n o d  o f H a r le q u in s  o c c u r re d  in  a  v a r ie t y  of s o c ia l co n texts ; it  
w as a co m p o n en t of a g g re s s iv e  d is p la y s  as w e l l  as c o u rts h ip  and p a i r -  
m a in ta in in g  b e h a v io rs . H e a d -n o d d in g , a c c o m p a n ie d  b y  v o c a liz a t io n ,  
w as p a r t ic u la r ly  n o tic e a b le  w h en  ducks w e r e  a la r m e d  o r  w hen  p a ir s  
in te ra c te d  a g g r e s s iv e ly  w ith  s in g le  m a le s  o r  o th e r  p a irs  (T a b le  6 ).
H a r le q u in s  a ls o  v o c a liz e d  to  s ig n a l a la r m .  T h e  u s u a l a la r m  
o r  w a rn in g  c a l l  c o n s is te d  o f a s e r ie s  o f h ig h -p itc h e d  sq u ea k in g  no tes  
u tte re d  b y  th e  m a le ; th e  fe m a le 's  c a l l  w a s  s l ig h t ly  lo w e r . In c it in g  
b e h a v io r  w as  o fte n  d is p la y e d  b y  p a ire d  fe m a le s  d u rin g  a g g re s s iv e  
en co u n ters  w ith  b a c h e lo r  m a le s . B en g tso n  (1 9 6 6 ) d is c u s s e d  the  
s im i la r i t y  o f In c it in g  in  H a r le q u in s  and G o ld en e ye s  (B u c e p h a la  sp . ). 
S e v e ra l com ponents  c o m p r is e d  th e  In c it in g  d is p la y . T h e  fe m a le  began  
w ith  an e x a g g e ra te d  H e a d -n o d  w h ic h  ended w ith  the n e c k  ex ten d ed  
h o r iz o n ta lly  ju s t  ab o ve  th e  w a te r  and th e  b i l l  p o in tin g  a t the in t r u d e r .  
T h e  p o s tu re  a p p e a re d  to  b e  a  lo w - le v e l  ch as in g  b e h a v io r  and o fte n  le d  
d ir e c t ly  to  the  fe m a le  ru s h in g  th e  in te r lo p e r .  T h e  p a ire d  m a le  
ty p ic a lly  re s p o n d e d  b y  a s s u m in g  th e  T h r e a t  p o s tu re  and fre q u e n t ly  
chased th e  o th e r  m a le . T h r e a t  p o s tu re  in v o lv e d  h o ld in g  the  body h ig h  
in  the w a te r  and th ru s t in g  th e  h e ad  fo r w a r d  h o r iz o n ta l ly  on th e  s u r fa c e  
w ith  the b i l l  open . O fte n  v o c a l iz a t io n  w as  a co m p o n en t of the T h r e a t .
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T a b le  6 . F re q u e n c y  o f b e h a v io rs  d is p la y e d  b y  a t le a s t  one m e m b e r  of 
p a ir  d u rin g  a g g re s s iv e  in te ra c t io n s  w ith  in tru d e rs .
T y p e  o f d is p la y  d ire c te d  
to w a rd  in t r u d e r
H e a d -n o d
V o c a l th re a t
T h r e a t  p o s tu re
C h a se
F ig h t
In c it in g  b y  fe m a le
T o ta l  n u m b e r  
re c o rd e d
91
33
44
45  
6
31
P e rc e n ta g e  of 
to ta l a g g re s s iv e  
in te ra c t io n s
95
34
46
47  
6
32
T y p e  of d is p la y  d ire c te d  
to w a rd  p a ir  m e m b e r
P a i r  m a in ta in in g  
b e h a v io r
C h a se
96
10
100
10
T o ta l  n u m b e r  a g g re s s iv e  in te ra c t io n s  = 96 .
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T h re a te n in g  r e g u la r ly  le d  d i r e c t ly  to  c h a s in g  and o c c a s io n a lly  
r e s u lte d  in  f ig h tin g . C h a s in g  c o n s is te d  o f h o ld in g  the  body in  a 
h o r iz o n ta l a tt itu d e  s l ig h t ly  ab ove th e  w a te r 's  s u r fa c e  and sh o o tin g  
o v e r  th e  s u r fa c e  to w a rd  th e  in t r u d e r .  T h o s e  s h o r t ru s h e s  w e re  
a lw a y s  fo llo w e d  b y  q u ic k  m o v e m e n t b a c k  to  th e  m a te  w h ile  C h in - l i f t in g .  
H e a d -n o d d in g , and v o c a liz in g  to  a f f i r m  th e  p a ir  bond. G e n e r a lly  
H a r le q u in s  o n ly  a s s u m e d  the  T h r e a t  p o s tu re  w h en  an  in tru d e r  w as  
w ith in  2 m  and b e h a v in g  a g g re s s iv e ly .
A p p e a s e m e n t b e h a v io rs  c o n s is te d  o f f le e in g , fe e d in g  b y  
d iv in g , o r  fa ls e -s le e p in g . B a c h e lo r  m a le s  w h ic h  as s u m e d  the  
S leep in g  p o s tu re  w h ile  f lo a t in g  o r  s ta n d in g  n e a r  a p a ir  w e r e  o ften  
to le ra te d  v e r y  n e a r  th e  p a i r .  D iv in g  w a s  fre q u e n t d u rin g  a g g re s s iv e  
in te ra c t io n s . I f  an  in tru d in g  m a le  d iv e d , th e  p a ire d  m a le , and o fte n  
the  fe m a le  a ls o , t y p ic a l ly  d iv e d . A l l  ducks s u rfa c e d  a lm o s t s im u l ­
ta n e o u s ly . I f  the  fe m a le  d iv e d  f i r s t ,  the  p a ire d  m a le  g e n e r a l ly  d iv ed  
o n ly  i f  th e  s u rp lu s  m a le  a ls o  d iv e d . O th e rw is e  th e  p a ire d  m a le  
re m a in e d  a t the  s u r fa c e  d ip p in g  h is  fa c e  in  the L o o k in g - fo r - fo o d  
p o s tu re  to  r e m a in  a w a re  o f th e  fe m a le 's  p o s it io n . A  p a ire d  m a le  
a n tic ip a te d  h is  m a te 's  a s c e n t and m o ved  to  the  spot w h e re  she w o u ld  
s u rfa c e . W h ile  th e  fe m a le  w as a t th e  s u r fa c e , h e r  m a te  a lw a y s  
in te rp o s e d  h im s e lf  b e tw e e n  h e r  and th e  in tru d in g  m a le . O fte n  d u rin g  
o r  a f te r  a g g re s s iv e  in te r a c t io n s , p a ire d  m a le s  show ed a g g re s s io n  
to w a rd  th e ir  own m a te s  b y  th re a te n in g  o r  c h a s in g .
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D u r in g  in te ra c t io n s  w ith  u n p a ire d  m a le s , bo th  p a ir  m e m b e rs  
d is p la y e d  a g g re s s io n  (T a b le  7 ). M a te d  m a le s  w e r e  p a r t ic u la r ly  
a g g re s s iv e  to w a rd  u n e s c o rte d  fe m a le s , w h ile  p a ire d  fe m a le s  w e re  
q u ite  to le r a n t  and o fte n  e x p re s s e d  so m e in te r e s t  in  a lone fe m a le .  
A lth o u g h  bo th  p a ir  m e m b e rs  w e r e  in to le ra n t  o f o th e r  p a irs  and  
p a r t ic ip a te d  in  a g o n is tic  in te r a c t io n s , p a ire d  m a le s  w e r e  g e n e r a l ly  
m o re  a g g re s s iv e  th a n  t h e i r  m a te s  to w a rd  in tru d in g  p a ir s .
In tru d in g  fe m a le s  w e r e  th re a te n e d  and o fte n  chased  b y  m a te d  
m a le s , but w e re  n e v e r  a tta c k e d  (T a b le  8 ). Th ou gh  fe m a le s  o f p a irs  
th re a te n e d  s o lic ito u s  s u rp lu s  m a le s , th e i r  m a te s  chased  u n p a ire d  
m a le s  m o re  o ften ; b o th  p a i r  m e m b e rs  o c c a s io n a lly  fought w ith  
' b a c h e lo r  m a le s . D u r in g  in te ra c t io n s  b e tw e e n  p a ir s ,  m a le s  w e re  
m o re  a g g re s s iv e  and  f ig h ts , though r a r e ,  in v o lv e d  o n ly  the m a le s .
T h e  o rn ith o lo g ic a l l i t e r a t u r e  p ro v id e s  an  in ad eq u a te  accou nt 
of c o p u la to ry  b e h a v io rs  o f H a r le q u in s , and m o s t au th o rs  fe e l th e re  is  
l i t t le  r i tu a l iz e d  b e h a v io r . O b s e rv a t io n s  of 19 c o p u la to ry  sequences  
(6 p a r t ia l ,  13 c o m p le te )  r e c o rd e d  d u rin g  th is  s tu d y  a re  s u m m a r iz e d  
in  A p p en d ix  IV .  S u c c e s s fu l c o p u la tio n s  o c c u r re d  o n ly  in  c a lm  
s tre tc h e s  o f the  c r e e k  o r  in  pond a r e a s .  C o p u la tio n  w as n e v e r  
a tte m p te d  un less  the  p a i r  w as  a lo n e , and th e  a p p e a ra n c e  of an  
u n p a ire d  m a le  d is ru p te d  th e  b e h a v io r a l  s e q u e n c e . A g g re s s iv e  
e le m e n ts  w e r e  a lw a y s  p re s e n t  d u r in g  c o p u la to ry  b e h a v io r ; o ften  the  
p re c o p u la to ry  se q u e n c e  w a s  p re c e d e d  b y  10 to  15 m in u te s  of lo w
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T a b le  7. F re q u e n c y  o f in v o lv e m e n t b y  p a ir  m e m b e rs  in  a g g re s s iv e  
e n c o u n te rs  w ith  in tru d in g  H a r le q u in s . E x p re s s e d  as n u m b e r  
(p e rc e n ta g e ) o f to ta l  in te ra c t io n s  b e tw e e n  p a ir  and th a t c la s s  
o f in t r u d e r .
C la s s  o f in t r u d e r
P a i r  m e m b e r  
d is p la y in g  a g g re s s io n
M a le  o n ly  F e m a le  o n ly  B o th
T o ta l n u m b e r  of 
in te ra c t io n s  
re c o rd e d
U n p a ire d  fe m a le 6 (5 5 ) 1 (9 ) 4 (36 ) 11
U n p a ire d  m a le 16 (2 4 ) 11 (1 7 ) 39 (5 9 ) 66
P a ir 12 (5 5 ) 2 (9 ) 8 (3 6 ) 22
T o ta l no . (%)
in te ra c t io n s 34  (3 4 ) 14 (1 4 ) 51 (52 ) 99
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Table 8, Frequency of aggressive behaviors displayed by pair members toward intruders, 
Expressed as number (percentage of total) interactions in which behavior was 
displayed.
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Intruder 
(recipient of 
aggression)
Aggressor (pair member)
Number of 
interactionsThreat Chase Fight
Male Female Male Female Male Female
Unpaired female 5 (45) 0 (0) 7 (64) 1 (9) 0 (0) 0 (0) 11
Unpaired male 19 (29) 23 (35) 23 (35) 12 (18) 3. (5) 2 (3) 66
P a ir 9 (41) 3 (14) 8 (36) 3 (14) 2 (9) 0 (0) 22
Total 33 (33) 26 (26) 38 (38) 16 (16) 5 (5) 2 (2) 99
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in te n s ity  a g g re s s io n  In c lu d in g  s o m e  ch a s in g  b y  the  m a le . G e n e ra lly ,  
h o w e v e r , p r e l im in a r y  d is p la y s  la s te d  le s s  th an  5 m in u te s . C o p u la tio n  
w as  a lw a y s  p re c e d e d  b y  v ig o ro u s  H e a d -n o d s  b y  th e  m a le  and ty p ic a l ly  
b y  bo th  s e x e s . P re c o p u la to r y  H e a d -n o d s  w e re  q u ite  e l l ip t ic a l  in  fo r m  
w ith  th e  lo n g  a x is  p a r a l le l  to  th e  w a t e r 's  s u r fa c e . O c c a s io n a lly  
be tw ee n  H e a d -n o d s , th e  m a le  a s s u m e d  a S e n tin e l p o s tu re  w ith  the  
n e c k  ex ten d ed  v e r t ic a l ly  and th e  t a i l  p o in ted  and e le v a te d . I n t e r ­
s p e rs e d  b e tw e e n  H e a d -n o d s  w e r e  B i l l -d ip p in g  and o c c a s io n a l L a t e r a l -  
b i l l -s h a k in g . A ls o , b e tw e e n  H e a d -n o d s , th e  m a le  s o m e tim e s  p asse d  
in  f r o n t  of th e  fe m a le  d is p la y in g  h is  b r i l l i a n t  p lu m a g e  p a tte rn s . D u r in g  
m o s t o f th e  p re c o p u la to ry  se q u e n c e  th e  m a le  w as b e s id e  o r  s l ig h t ly  
beh ind  th e  fe m a le  w ith  h is  b o d y  lo w  in  th e  w a te r  and q u ite  p ro n e . A s  
d is p la y  in te n s if ie d , th e  m a le  in te r s p e rs e d  H e a d -n o d s  w ith  s h o rt  
ru sh es  (15  to  30 c m ) to w a rd  th e  fe m a le ,  end ing  each  ru s h  b y  s t r ik in g  
and n ib b lin g  at h e r  a u r ic u la r  p a tc h . A s  the  m a le 's  b i l l  s t ru c k  the  
fe m a le 's  c h eek , th e  im p a c t o fte n  tu rn e d  h e r  bo dy and the  m a le  had to  
m a n e u v e r (z ig -z a g )  to  r e g a in  h is  p o s it io n  n e a r  h is  m a te . F re q u e n t ly  
betw een  n ib b le s  th e  m a le  m o v e d  fo r w a r d  b e s id e  th e  fe m a le  and  
d is p la y ed  e x a g g e ra te d  H e a d -n o d s  w h ic h  ended w ith  the b i l l  d e fle c te d  
30° be low  h o r iz o n ta l an d  p o in tin g  a w a y  f r o m  h is  m a te . O c c a s io n a lly  
B ill-d ip p in g  in te r s p e rs e d  th e  H e a d -n o d -n ib b le  se q u e n c e . W h ile  the  
m a le  re p e a te d  th e  H e a d -n o d -n ib b le  seq u en ce  8 to  20 t im e s , th e  fe m a le ,  
i f  not a lr e a d y  p ro n e , lo w e r e d  h e r  b o d y  and ex ten d ed  h e r  head and n e ck
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h o r iz o n ta l ly  on th e  w a t e r ’ s s u r fa c e . A lm o s t  a lw a y s , as c o p u la tio n  
a p p ro a c h e d , th e  m a le  p e r fo r m e d  one o r  m o re  U p w a rd s -s tre tc h e s  
(o c c a s io n a lly  U p w a r d s -s t r e tc h  w ith  W in g - f la p ) .  O n the f in a l  a p p ro a c h , 
th e  m a le  m o v e d  d e lib e r a te ly  to  the r e a r  o f the  fe m a le  and m o u n ted , 
p re s s in g  h e r  b o d y  dow n in  th e  w a te r .  C o p u la tio n  la s te d  2 to  8 seco n d s . 
O n s e v e r a l  o c c a s io n s , I  o b s e rv e d  m a le s  f l ic k in g  the  w in g s  and t a i l  
d o w n w a rd  in  one o r  tw o  p o w e r fu l th ru s ts  im m e d ia te ly  b e fo re  d is ­
m o u n tin g . A ls o  b e fo re  d is m o u n tin g , th e  m a le  g ra s p e d  the nape of the  
fe m a le  an d , m a in ta in in g  h is  g r ip  as he s lip p e d  b a c k  in to  the  w a te r ,  
th ru s te d  p o w e r fu lly  w ith  h is  fe e t ,  cau s in g  bo th  ducks to  r o ta te  0 . 5 to  
2 t im e s . P o s tc o p u la to ry  d is p la y s  w e r e  le s s  s te re o ty p e d  but r e g u la r ly  
in v o lv e d  a g g re s s io n  b y  the  m a le . U s u a lly  the  m a le  chased  h is  m a te  
one o r  m o re  t im e s  as she sc o o ted  ah ead  5 m  o r  m o re . O n tw o  
o c c as io n s  the m a le  a s s u m e d  the  S e n tin e l p o s tu re  and v o c a liz e d  b e fo re  
ch a s in g  th e  fe m a le . P re e n in g  and b a th in g  s e ld o m  o c c u rre d . A lw a y s  
w ith in  5 m in u te s  b o th  p a ir  m e m b e rs  began  d iv in g  and fo ra g in g .
H a b ita t . T a b le  9 p ro v id e s  a h a b ita t in v e n to ry  s u m m a ry .  
R u n n in g  w a te r  h a b ita ts  c o m p r is e d  a p p ro x im a te ly  90 p e rc e n t o f the  
a r e a  used  b y  H a r le q u in s . T h e  r e m a in in g  10 p e rc e n t , co m p o sed  of 
abandoned  m e a n d e rs  an d  o th e r  b a c k w a te rs , s e rv e d  as a s a n c tu a ry  
d u rin g  h ig h  w a te r  and  as  b r o o d - r e a r in g  h a b ita t . H a b ita t  fe a tu re s  of 
ponds w h ic h  o c c u r  on th e  s tu d y  a r e a  a r e  s u m m a r iz e d  in  T a b le  10 .
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T a b le  9. H a b ita t  In v e n to ry  s u m m a ry , in d ic a tin g  
r e la t iv e  ab un dan ce o f g e n e ra l h a b ita t  
fe a tu re s  (e x p re s s e d  as p e rc e n ta g e  o f 
to ta l  h a b ita t) .
G e n e ra l h a b ita t  type
R u n n in g  w a te r  90
S tan d in g  w a te r  10
S tre a m  ty p e
M e a n d e r  80
C an yon s  and  ra p id s  20
S u b s tra te  ty p e
C o b b le s  and b o u ld e rs  74
B e d ro c k  26
B a n k  type&
V e r t i c a l - v e r t i c a l  44
V e r t ic a l - h o r iz o n t a l  51
H o r iz o n ta l -h o r iz o n ta l  5
C o m p o s itio n  of b a n k
V e g e ta t io n  2 9
Snags 5
R ip - r a p  6
B e d ro c k  17
C o b b le s  25
B o u ld e rs  18
A v a i la b i l i t y  of lo a f in g  s ite s  in s t r e a m
0 /1 0  m  51
1 to  3 /1 0  m  30
>  3 /1 0  m  19
A c c e s s ib i l i ty  to  h u m an sb
A d ja c e n t 35
N e a r  20
A w a y , a c c e s s ib le  12
A w a y , in a c c e s s ib le  33
^ C a te g o r ie s  in c lu d e  bo th  le f t  and r ig h t  banks; 
i . e . ,  v e r t i c a l - v e r t i c a l  s ig n if ie s  th a t bo th  banks  
w e r e  v e r t ic a l .
^ E x p la n a tio n  o f c a te g o r ie s  of h u m an  
a c c e s s ib i l i ty  a p p e a rs  on pages 2 5 -2 6 .
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Table 10. Characteristics of pond habitats found on study area (see F ig , 1 for pond locations)*
Characteristic
Pond number
1 2 3 4 5 6 7 .
Type Abandoned
stream
channel
Abandoned
stream
channel
Abandoned
stream
channel
Abandoned
stream
channel
Beaver pond 
on small 
stream
Abandoned
stream
channel
Spring-fed
Source Ground water 
& small 
streams
Ground water 
& small 
streams
Ground water Ground water Small
stream
McDonald C r. 
hyporheal 
flow
Ground 
water & 
sm. streams
Approximate area 3,000 to 
5,000 m2
> 5, 000 m2 > 5, 000 m2 3,000 to 
5, 000 m2
< 1,000 m2 > 5,000 m2 < 1,000 m2
Depth 1 to 3 m Mostly < 1 m 1 to 3 m 1 to 3 m Mostly < 1 m Mostly < 1 m Mostly < 1 m
Bank type Vertica l,
undercut
Mostly
vertical
Vertical,
undercut
Vertica l,
undercut
Horizontal Mostly h ori­
zontal, some 
vertical
Vertical,
undercut
Persistence 90% Approx. 50% 90% 90% 50 to 90% Approx. 50% 50 to 90%
Human use Heavy Moderate Moderate L ittle  or 
none
None None None
Vegetation Coniferous, 
riparian  at 
pond edge
Coniferous, 
riparian  at 
pond edge
Coniferous, 
riparian at 
pond edge
Coniferous, 
riparian at 
pond edge
Riparian Riparian Riparian
Approximate age > 10 years <10 years > 10 years >10 years > 10 years <10 years > 10 years
Use by Harlequins 
Courtship & nesting None Heavy Moderate Heavy Moderate Heavy Moderate
Brood-rearing None Moderate Heavy Heavy Little L ittle L ittle
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A  q u a lita t iv e  d e s c r ip t io n  of b e n th ic  fo od  re s o u rc e s  a p p e a rs  
in  T a b le  11; A p p e n d ix  I I  p ro v id e s  a l is t  o f a l l  in s e c t s p e c ie s  id e n t if ie d .  
In  m y  b e n th ic  c o lle c t io n s , la r v a e  of m a y f l ie s  (E p h e m e ro p te ra )  
ex cee d e d  th o se  of o th e r  ta x a  in  to ta l  n u m b e r  and n u m b e r  o f s p ec ie s  
re p re s e n te d . R u n n in g -w a te r  s p e c ie s  ( i .  e . , E p h e m e re lla  doddsi and  
R h ith ro g e n a  sp . ) p re d o m in a te d . S to n e fly  (P le c o p te ra )  and cadd is  f ly  
(T r ic h o p te r a )  la r v a e ,  th oug h  le s s  ab u n d an t, a p p e a re d  in  a l l  bu t th re e  
s a m p le s . L a r g e  D ip te ra n s  o f th e  f a m i ly  T ip u lid a e  w e r e  ab sen t o n ly  
f r o m  b e d ro c k  a r e a s . D ip te ra n s  o f th e  f a m i ly  C h iro n o m id a e  c o m p ris e d  
a la rg e  p ro p o r t io n  o f th e  s ta n d in g  c ro p  o n ly  on b e d ro c k  s u b s tra te .
M o s t in s e c ts  c o lle c te d  in  M a y  and June w e re  10 to  20  m m  in  
len g th , though m a n y  s to n e f ly  la r v a e  (genus A rc y n o p te r y x ) and T ip u lid a e  
m e a s u re d  g r e a te r  th an  20  m m . L a t e r  c o lle c tio n s  co n ta in ed  so m e  
m a y flie s  (genus E p h e m e r e l la ) and T ip u lid a e  w h ic h  excee d ed  13 m m , 
but the m a jo r i ty  o f la r v a e  w e r e  u n d e r 10 m m  in  le n g th .
E m e s is  d id  n o t o c c u r  in  a n y  o f the  th re e  m a le s  w h ic h  re c e iv e d  
the e m e tic . S ince  no fo o d  s a m p le s  w e r e  o b ta in e d , I  w as unab le  to  
co m p are  food h a b its  w ith  fo o d  a v a i la b i l i t y .
C h i-s q u a r e  te s ts  r e v e a le d  th a t d u rin g  th e  f i r s t  w e e k  of M a y ,  
H a rle q u in s  used ru n n in g  w a te r  h a b ita ts  s ig n if ic a n t ly  m o re  th an  b a c k ­
w a te rs  (x2 = 1 1 .4 4 ,  p <  .0 1 ,  D F  1 ). F r o m  8 M a y  u n til  11 J u n e , use  
of the tw o h a b ita ts  w a s  p r o p o r t io n a l to  th e ir  o c c u rre n c e  on th e  s tu d y  
a re a . H o w e v e r , b e tw e e n  12 Ju ne  and  2 J u ly , ducks show ed a s tro n g
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T a b l e  1 1 .  R e s u l t s  o f  c o l l e c t i o n s  o f  b e n t h i c  i n v e r t e b r a t e s ,
D a te O r d e r
C o l l e c t i o n  s i t e ^
% f r e q u e n c y  
e a c h  s i z e  
c a t e g o r y
S i z e  
S M L
1 2 3 4 5 6 7 8
O c t . .  N o v .  1 9 7 4 E p h e m e r o p t e r a 4 4 4 3 0
P l e c o p t e r a 6 2 1 1 0
H e m i p t e r a 0 0 0 0 1
M e g a l o p t e r a 0 0 0 0 1
T r i c h o p t e r a 4 4 0 5 0
C o l e o p t e r a 1 0 0 0 0
D i p t e r a 1 0 0 0 2
T o t a l 16 10 5 9 4 65  2 3  12
2 0  M a y  1 9 7 5 E p h e m e r o p t e r a 6 5 5 5 4
P l e c o p t e r a 3 4 2 2 2
T r i c h o p t e r a I 1 1 2 1
D i p t e r a 1 1 1 1 1
T o t a l 11 11 9 10 8 4 8  34  18
10 J u n e  1 9 7 5 E p h e m e r o p t e r a 6 5 6 4 4
P l e c o p t e r a 2 2 3 3 2
T r i c h o p t e r a 1 2 1 0 0
C o l e o p t e r a 1 0 0 0 0
D i p t e r a 1 3 3 2 1
T o t a l 11 12 13 9 7 31 4 9  2 0
19 J u ly  1975 E p h e m e r o p t e r a 7 6 4 6 7
P l e c o p t e r a 2 3 3 3 3
T r i c h o p t e r a 2 3 2 2 2
D i p t e r a 1 1 2 2 2
T o t a l 12 13 11 13 14 65 2 7  8
2 0  A u g .  19 7 5 E p h e m e r o p t e r a 4 6 4 5 4 5 4
P l e c o p t e r a 1 1 2 2 1 3 2
H e m i p t e r a 0 0 0 0 0 0 0 1
M e g a l o p t e r a 0 0 0 0 0 0 0 1
T r i c h o p t e r a 1 3 2 2 1 1 2 1
C o l e o p t e r a 0 0 0 0 0 0 0 1
D i p t e r a 1 2 1 1 1 1 2 3
T o t a l 7 12 9 10 7 10 10 8 71 2 5  4
® S ee  A p p e n d ix  I f o r  m a p  l o c a t i n g  c o l l e c t i o n  s i t e s  and  d e s c r i b i n g  h a b i t a t s  o f  
c o l l e c t i o n  s i t e s .
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p r e fe r e n c e  fo r  s ta n d in g  w a te r  h a b ita ts  (x2 = 22 9. 76 , p < 0 . 01 , D F  1). 
B o tto m  typ es  w e r e  chosen ra n d o m ly  e x c e p t b e tw e e n  8 and 14 M a y ,  
w h en  co b b le  s u b s tra te s  re c e iv e d  a d is p ro p o r tio n a te  am ou nt o f use  
(x^ = 5 .8 5 ,  p <  0 .0 2  5, D F l ) .  U se  of s t re a m  typ es  ( i . e . ,  m e a n d e rs  
v s . b e d ro c k  ra p id s )  show ed  no s ig n if ic a n t d e v ia tio n  f r o m  e x p ec ted  
v a lu e s  w ith  th e  e x c e p tio n  o f a  1 -w e e k  p e r io d  b e tw e e n  26 June and  
2 J u ly  w h en  canyons w e r e  s e le c te d  (x^ = 6 .8 9 ,  p <  0 .0 1 ,  D F l ) .  
T h ro u g h o u t th e  se a so n  th e r e  w as a s tro n g  p re fe re n c e  f o r  a re a s  of the  
c re e k  w h ic h  p ro v id e d  abundant lo a fin g  s ite s  a w a y  f r o m  th e  s t r e a m -  
b a n k s . S tre tc h e s  w ith  th re e  o r  m o re  a v a ila b le  lo a fin g  s ite s  p e r  10 m  
w e r e  fa v o re d  (x^ = 4 4 .3 2 ,  p < 0 .0 1 ,  D F l ) .  T a b le  12 i l lu s t r a te s  
re la t io n s h ip s  b e tw e e n  use o f a re a s  by H a r le q u in s  and th e  ease  of 
h u m a n  ac ces s  to  th ose  s ite s .
B r o o d - r e a r in g  P e r io d
C h ro n o lo g y . E a c h  y e a r  m o s t b ro o d s  h a tch ed  b e tw ee n  30 
June and 4 J u ly  (F ig .  6 ) . In  1973  h a tc h in g  d a tes  w e r e  s l ig h t ly  e a r l i e r  
th a n  in  th e  tw o  su b se q u en t s e a s o n s . T h e r e  w as  a ls o  m o re  v a r ia b i l i t y ,  
w ith  one b ro o d  h a tc h in g  b e fo re  the  m id d le  of Ju ne and a  second, 
p ro b a b ly  a  re p la c e m e n t c lu tc h , a ro u n d  2 A u g u s t.
W ith in  a p p r o x im a te ly  2 days fo llo w in g  h a tc h in g , fe m a le s  le d  
t h e i r  b ro o d s  to  w a te r .  T h o u g h  the n e w ly  h a tc h e d  young w e re  adept 
s w im m e rs  and w e r e  a b le  to  n e g o tia te  a v e ra g e  s t r e a m  c u r r e n ts , the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
T a b le  12 . A  c o m p a r is o n  of u t i l iz a t io n  b y  H a r le q u in s  w ith  a c c e s s ib i l i ty  
to  h u m an s  d u rin g  th e  1974  and 1975 b re e d in g  se a so n s , 
in d ic a te s  p r e fe r e n c e  o f a  p a r t ic u la r  c a te g o ry  a t th e
. 95 le v e l ,  -  s ig n if ie s  a v o id a n c e , and o in d ic a te s  
n e ith e r  p r e fe r e n c e  n o r  a v o id a n c e  (N e u  e t a l .  1 9 7 4 ).
H u m an
a c c e s s ib il i ty
P e rc e n t  of 
s tu d y  a r e a
D a te s  of in te r v a l  s a m p le d  
5 / 1 - 5 / 2 1  5 /2 2 - 6 /1 1  6 / 1 2 - 7 / 2
A d ja c e n t^
N e a r
A w a y , a c c e s s ib le  
A w a y , in a c c e s s ib le
35
20
12
33
o
o
^See pages 2 5 -2 6  f o r  d e fin it io n s  of c a te g o r ie s  used.
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F ig .  6 . E s t im a te d  h a tc h in g  d a tes  o f b ro o d s  o b s e rv e d  d u r in g  
1 9 7 3 , 1 9 7 4 , and 19 75 .
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m a jo r i t y  o f a c t iv i ty  d u rin g  th e  e a r ly  w e e k s  w as  c o n fin ed  to  th e  r e la t iv e  
s a n c tu a ry  o f b a c k w a te rs  (F ig .  7 ). J u v e n ile s  d iv e d  in fre q u e n t ly  u n til  
th e  th ir d  o r  fo u r th  w e e k . U n t i l  th e y  b e c a m e  p r o f ic ie n t  d iv e rs ,  
d u c k lin g s  o b ta in e d  m o s t fo o d  b y  e ith e r  s k im m in g  th e  s u rfa c e  a lo n g  the  
pond edge and  a ro u n d  fa l le n  snags w h ic h  w e r e  p a r t ia l ly  s u b m e rg e d  o r  
d ip p in g  t h e i r  heads to  p ro b e  th e  b o tto m  in  s h a llo w  a r e a s .  S ince  
c u r r e n t  w a s  g e n e r a l ly  m in im a l ,  f lo a t in g  d e b r is  and a d u lt in s e c ts  w e re  
q u ite  abun dan t on th e  s u r fa c e  o f ponds. D u r in g  fe e d in g  bouts la s t in g  
30 to  45 m in u te s , ju v e n ile  ducks fe d  v ig o ro u s ly  w h ile  fe m a le s  re m a in e d  
w ith in  a  fe w  m e te r s ,  c o n s ta n tly  a le r t  fo r  p r e d a to rs . F e m a le s  a c c o m ­
p a n y in g  b ro o d s  fe d  r a r e ly  u n til  th e  young w e r e  s e v e r a l  w ee ks  o ld . 
T h ou gh  o v e rh a n g in g  v e g e ta tio n  on th e  v e r t ic a l  banks p ro v id e d  s h e lte r  
d u rin g  fe e d in g  and es cap e  c o v e r  w h en  b ro o d s  w e r e  a la rm e d , b e tw e e n  
fe e d in g  b o u ts , fe m a le s  b ro o d e d  th e ir  young on ro c k s , lo g s , o r  s a n d ­
b a rs  a w a y  f r o m  s h o re lin e  v e g e ta tio n . A tte m p ts  to  escap e d e te c tio n  b y  
c o n c e a lm e n t u n d e r banks g e n e r a l ly  o c c u r re d  o n ly  w hen b ro o d s  w e r e  
v e r y  young; u s u a lly  fe m a le s  le d  t h e i r  b ro o d s  to  open w a te r  to  escap e  
d a n g e r. F e m a le s  w e r e  n e v e r  o b s e rv e d  p e r fo r m in g  d is tra c t io n  
d is p la y s .
A s  ju v e n ile s  a c q u ire d  s k i l l  in  bo th  s w im m in g  and d iv in g , an  
in c re a s in g  p ro p o r t io n  o f t im e  w as  sp en t in  ru n n in g  w a te r .  D u r in g  the  
s tu d y , 83 p e rc e n t o f b ro o d  a c t iv i t ie s  o b s e rv e d  d u rin g  th e  second  w e e k  
o c c u r r e d  in  b a c k w a te rs  an d , o f th e  re m a in in g  17 p e rc e n t , m o s t c r e e k
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig . 7. R e la tiv e  use of standing and running w a te r  hab ita ts  
by broods fro m  hatching u n til m ig ra tio n .
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use c o n s is te d  o f m o v e m e n t b e tw e e n  pond h a b ita ts . B y  4 w e e k s , b ro o d s  
used th e  c r e e k  51 p e rc e n t  o f the  t im e  and, b y  6 w e e k s , v is ite d  pond  
a re a s  o n ly  8 p e rc e n t o f th e  t im e .  A f t e r  b ro o d s  began  us ing  th e  c r e e k ,  
h o m e  ra n g e s  w e r e  c o n tin u a lly  expanded in  a d o w n s tre a m  d ire c t io n  
(F ig .  8 ) . U l t im a te ly  each  b ro o d  abandoned its  b r o o d - r e a r in g  a r e a ,  
m o v in g  d o w n s tre a m  as th e  g ro u p  began  the  in i t ia l  phase of th e ir  
m ig r a t io n  f r o m  th e  b re e d in g  g ro u n d s . A f te r  sp end ing  a p p ro x im a te ly  
1 w e e k  in  a  re g io n  o f b e d ro c k  and canyons n e a r  th e  la k e , b ro o d s  
d e p a r te d . In  1974 s o m e  b ro o d s  m o ve d  d o w n s tre a m  d u rin g  the  f i r s t  
4 w e e k s , and  s e v e r a l  b ro o d s  d is a p p e a re d  e n t ir e ly  f r o m  the s tu d y  a r e a  
w ith in  a fe w  w e e k s  a f te r  h a tc h in g .
B e h a v io rs . F e m a le s  re m a in e d  w ith  t h e ir  b ro o d s  u n til  
d e p a r tu re  f r o m  the  b re e d in g  g ro u n d s . B ro o d s  w e re  de fended  a g a in s t  
c o n s p e c ific s  as w e l l  as a g a in s t G o ld en eye s  and M a lla r d s  (A nas  
p la ty rh y n c h o s ). H a r le q u in  fe m a le s  w h ic h  had fa i le d  to  b re e d  s u c c e s s ­
f u l ly  w e r e  not to le r a te d  n e a r  b ro o d s , and w hen  tw o  b ro o d s  o f dow ny  
H a r le q u in s  e n c o u n te re d  ea ch  o th e r , fe m a le s  d is p la y e d  a g g re s s io n  
to w a rd  the  o th e r  young as w e l l  as th e  fe m a le  a tte n d in g  th e m . S e v e ra l  
t im e s  w h en  tw o  b ro o d s  m ix e d  b r ie f ly ,  each  fe m a le  q u ic k ly  d e p a rte d  
w ith  o n ly  h e r  ow n young. J u v e n ile s  resp o n d e d  to  th e  fe m a le 's  v o c a l i ­
z a tio n s  and  re in fo r c e d  th e  s o c ia l bond b y  v o c a liz in g  and p e r fo r m in g  
H e a d -n o d s . T h e r e  w as  no  te n d e n c y  to  fo r m  c re c h e s , and fe m a le s  w ith
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig .  8. G r a p h ic a l r e p r e s e n ta t io n  o f s tu d y  a r e a  s h o w in g  
d is t r ib u t io n  of b ro o d  o b s e rv a tio n s  d u r in g  3 -w e e k  in te r v a ls .
•  = C e n t r a l  a r e a  o f h o m e  ra n g e .
L in e s  r e p r e s e n t  e x tre m e s  of m o v e m e n t d u r in g  in te r v a l .
• ’= S u p e rs c r ip t  r e p re s e n ts  band n u m b e r  o f m a r k e d  fe m a le  
a c c o m p a n y in g  b ro o d .
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young d id  not a c c e p t ju v e n ile s  f r o m  o th e r  b ro o d s .
O b s e rv a tio n s  of th e  re a c tio n s  of fe m a le s , bo th  w ith  and  
w ith o u t b ro o d s , to w a rd  an  o rp h a n e d  b ro o d  i l lu s t r a te d  the  n o n s o c ia l 
b e h a v io r  o f H a r le q u in  fe m a le s  d u rin g  th e  b r o o d - r e a r in g  p e r io d . O n  
4 J u ly  w h en  I  f i r s t  o b s e rv e d  th e  b ro o d  w h ic h  w as la t e r  o rp h a n e d , the  
young w e r e  a p p r o x im a te ly  3 days o ld  and w e re  b e in g  a tten d ed  b y  a 
fe m a le ,  p re s u m a b ly  t h e ir  m o th e r . I  re lo c a te d  the  fe m a le  and h e r  
b ro o d  tw ic e  d u r in g  th e  fo llo w in g  8 d a ys . O n 12 J u ly  I  o b s e rv e d  the  
b ro o d  in  a b a c k w a te r  a r e a  f o r  s e v e r a l  h o u rs  d u r in g  the la te  a fte rn o o n ;  
the  fe m a le  e s c o r te d  th e  ju v e n ile s , d is p la y in g  ty p ic a l m a te rn a l  
b e h a v io r  and g u a rd in g  th e  young as th e y  fe d . I  le f t  the  a r e a  and  
r e tu rn e d  2 h o u rs  la t e r  to  f in d  o n ly  the  s e v en  young, s w im m in g  b a c k  
and fo r th  a c ro s s  th e  pond v o c a liz in g . T h e y  w e re  not fe e d in g  and w e re  
e x tr e m e ly  w a r y . A f te r  m o re  th an  1 h o u r th e y  s w a m  f r o m  the pond  
and d is a p p e a re d  in  th e  c r e e k . I  s e a rc h e d  th e  p e r im e t e r  of th e  pond  
but found no s ig n  o f th e  fe m a le  and no e v id e n c e  o f a s tru g g le ; i t  
a p p e a re d  th a t th e  fe m a le  h ad  fa l le n  p r e y  to  an a e r ia l  p re d a to r . T h e  
seven  o rp h a n e d  yo u n g  r e tu r n e d  to  th e  pond the fo llo w in g  day, and fo r  
s e v e r a l m o re  days th e y  fre q u e n te d  th e  s a m e  a re a s  th e y  had used  w hen  
atten d ed  b y  t h e i r  m o th e r . N u m e ro u s  t im e s  d u rin g  th e ir  w a n d e rin g s  
th ey  e n c o u n te re d  s in g le  fe m a le s  o r  fe m a le s  w ith  young o f a p p r o x i­
m a te ly  th e  s a m e  age; d u r in g  e a c h  e n c o u n te r  th e  young a p p ro a c h e d  the  
fe m a le , d is p la y in g  H e a d -n o d s  and v o c a liz in g . S in g le  fe m a le s
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o c c a s io n a lly  fe d  w ith  th e m  b r ie f ly ,  bu t m o re  o ften  a vo id ed  o r  ig n o re d  
th e m . F e m a le s  w ith  b ro o d s  w e r e  h o s tile  to w a rd  the  orph an s  and  
ch ase d  th e m  i f  th e y  a p p ro a c h e d  c lo s e ly . In  e v e r y  in s ta n ce  the  
o rp h a n e d  ju v e n ile s  w e r e  r e je c te d  and no fe m a le  d is p la y e d  m a te rn a l  
b e h a v io r  to w a rd  th e m . D u r in g  th e  w e e k  th a t th e y  re m a in e d  in  th e  
a r e a ,  th e  o rp h an s  sp en t c o n s id e ra b le  t im e  t r a v e l in g  and m u ch  le s s  
t im e  fe e d in g  and lo a fin g  th an  b ro o d s  a c c o m p a n ie d  b y  fe m a le s . A f t e r  
a n ig h t o f c o ld , h a rd  r a in s ,  o n ly  one o rp h an  re m a in e d  in  th e  a re a ;  the  
r e m a in d e r  e ith e r  p e r is h e d  o r  abandoned the a re a .
B ro o d le s s  fe m a le s  w e r e  n e v e r  o b s e rv e d  p a r t ic ip a t in g  in  the  
r e a r in g  o f young H a r le q u in s . E v id e n c e  o f b ro o d  m ix in g  w as o b s e rv e d  
o n ly  tw ic e , b o th  t im e s  d u rin g  1974 in  an  a r e a  w h e re  s ix  b ro o d s  w e re  
c o n c e n tra te d  due to h ig h  w a te r  le v e ls .
A lth o u g h  th e  l i t e r a t u r e  s ta te s  th a t H a r le q u in  young deve lo p  
v e r y  r a p id ly ,  I  found th a t d e v e lo p m e n t r a te s  a p p ro x im a te d  th ose  of 
o th e r  s e a -d u c k s  (F ig .  9 ). E x c e p t fo r  s m a ll  tu fts  o f down about the  
head and ru m p , d u c k lin g s  w e r e  f u l ly  fe a th e re d  (ju v e n a l p lu m a g e ) a t 
a p p ro x im a te ly  46  d a y s . H o w e v e r , even  a f te r  f u l l  fe a th e r in g , young  
r e q u ir e d  n e a r ly  2 m o re  w e e k s  b e fo re  th e y  w e re  c a p ab le  of f ly in g .
Y oung o f o n ly  tw o  b ro o d s  re m a in e d  on th e  s tu d y  a r e a  u n til f l ig h t  
a tta in m e n t;  th e  p r e f l ig h t  p e r io d  in  th o se  ju v e n ile s  w as a p p ro x im a te ly  
55 to  56 d a y s .
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H a r le q u in  D u cks  (a f te r  G o llo p  an d  M a r s h a l l  1 9 5 4 ).
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H a b ita t  u s e . D u r in g  th e ir  f i r s t  w e e k s , f r o m  3 J u ly  u n til  
6 A u g u s t, b ro o d s  fre q u e n te d  ponds s ig n if ic a n t ly  m o re  than th e y  used  
ru n n in g  w a te r  h a b ita ts  (x2 = 45 9 . 6 , p < 0 .0 1 , D F  1 ). W hen th e y  d id  use  
th e  c r e e k , the b ro o d s  s e le c te d  cobb le  s u b s tra te s  u n til 23 J u ly . T h e r e ­
a f t e r  th e y  used b e d ro c k  a re a s  a t a ra te  w h ic h  w as  s ig n if ic a n t ly  h ig h e r  
th an  th e  ex p e c te d  v a lu e . D u r in g  th e  f in a l  3 w e e k s , p re fe re n c e  fo r  
b e d ro c k  s u b s tra te s  w as s ig n if ic a n t a t the 0 .0 1  le v e l .  C o m p a ris o n  of 
th e  fre q u e n c y  o f use o f b o tto m  typ es  d u rin g  th e  p e r io d  b e tw ee n  17 and  
30 J u ly  to  th e  use f r o m  31 J u ly  to  13 A ug ust show ed a s ig n if ic a n t  
change f r o m  co bb les  to  b e d ro c k  (x^ = 15. 57 , p <  0 .0 1 ,  D F  1).
M e a n d e rs  w e r e  a ls o  p r e f e r r e d  d u rin g  the f i r s t  3 w ee ks  and canyons  
and ra p id s  th e r e a f te r .  A g a in , th e re  w as a s ig n if ic a n t change in  
h a b ita t  use b e tw e e n  th e  la s t  2 w ee ks  in  J u ly  and the  f i r s t  h a lf  of 
A u g u st (x2 = 6. 14, p < 0 .0 2 5 ,  D F l ) .  W hen  us in g  s t re a m  h a b ita ts , 
b ro o d s  d is p la y e d  a  p re fe r e n c e  fo r  re a c h e s  o f fe r in g  m o re  th an  th re e  
m id s t r e a m  lo a fin g  s ite s  p e r  10 m  (x^ = 12. 72, p <  0 . 0 1 , D F  1 ). T h e  
B o n fe r ro n i z te s t  (T a b le  13) show ed th a t d u rin g  the f i r s t  4 w ee ks  
b ro o d s  av o id e d  a re a s  n e a r  h u m an  use a re a s  and s e le c te d  o n ly  a re a s  
w h ic h  w e r e  bo th  d is ta n t and in a c c e s s ib le . D u r in g  the f in a l  4 w eeks  
b ro o d s  s t i l l  in h a b ite d  a re a s  w h ic h  w e r e  a w a y  f r o m  h u m an s , though  
m o s t w e re  a c c e s s ib le  b y  t r a i l .
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T a b le  13 . A  c o m p a r is o n  of u t i l iz a t io n  b y  H a r le q u in s  w ith  a c c e s s ib il i ty  
to  hum ans d u rin g  th e  1974 and 1975 b r o o d - r e a r in g  s e as o n s .
in d ic a te s  p r e fe r e n c e  of a p a r t ic u la r  c a te g o ry  a t th e  
. 99 le v e l ,  s ig n if ie s  a v o id a n c e  a t the . 95 le v e l ,  and
"o "  in d ic a te s  n e ith e r  p re fe r e n c e  n o r  a v o id an c e  (N e u  e t a l .  
1 9 7 4 ).
H u m a n
a c c e s s ib i l i ty
P e r c e n t  o f 
s tu d y  a r e a
D a te s  of in te r v a l  s a m p le d  
7 / 3 - 7 / 3 0  7 /3 1 - 8 /2 7
A d ja c e n t^ 35 o
N e a r 20 * —
A w a y , a c c e s s ib le 12 4-4-
A w a y , in a c c e s s ib le 33 -F -f- o
“̂ See pages 2 5 -2 6  f o r  d e fin it io n s  of c a te g o r ie s  used.
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P ro d u c tio n
A l l  ducks a r r iv in g  on the  s tu d y  a r e a  w e r e  c o n s id e re d  s e x u a lly  
m a tu re  and  ca p a b le  o f b re e d in g . D ue to  th e  d i f f ic u lty  of lo c a tin g  nests  
of H a r le q u in s , no n e s ts  w e r e  found  and th e  n u m b e r  o f p a irs  a c tu a lly  
b re e d in g  w as unknow n. In  Ic e la n d , B en g ts o n  (1 9 7 2 ) e s tim a te d  a n o n ­
b re e d in g  fre q u e n c y  am o n g  fe m a le s  of 1 5 -3 0  p e rc e n t . H e a ls o  re p o r te d  
an a v e ra g e  h a tc h in g  s u c ce s s  of 87 p e rc e n t fo r  89 know n n e s ts , w ith  a 
m e an  of 5 . 3 eggs h a tc h in g  in  each  s u c c e s s fu l n e s t. U s in g  B en g ts o n 's  
(1 9 72 ) d a ta , I  c a lc u la te d  th e  m in im u m  n u m b e r  of eggs w h ic h  shou ld  
have ha tch ed  on th e  s tu d y  a r e a  in  1974  and 1975 (T a b le  14 ).
T a b le  14. E s t im a te d  n u m b e r  o f eggs h a tc h in g  on s tu d y  a r e a  
(c a lc u la te d  us ing  d a ta  f r o m  B en gtson  1972).
Y e a r
T o ta l  no. 
p a irs
M in im u m  no. 
fe m a le s  b re e d in g
(0 .7  X to ta l  p a ir s )
N o . s u c c e s s fu l 
n ests
(0 .8 7  X 
b re e d in g  p a ir s )
T o ta l no. eggs  
h atch ed
(5 .3  X s u c c e s s fu l 
n e s ts )
1974 11 8 7 37
1975 15 10 9 48
I  o b ta in e d  a c tu a l p ro d u c tio n  e s t im a te s  by  c o m b in in g  n u m b e rs  
fro m  b ro o d  cen su ses  c o n d u c te d  d u r in g  th e  f i r s t  2 w ee k s  in  J u ly  w ith  
any new b ro o d s  s u b s e q u e n tly  lo c a te d . T h o s e  e s tim a te s  to ta le d  33 
young in  1974 an d  17 in  1 9 7 5 . O f  th e  o r ig in a l  n u m b e r , 12 young
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(36  p e rc e n t)  s u rv iv e d  on the  s tu d y  a r e a  u n t il  m ig r a t io n  in  1974 and  
2 ju v e n ile s  (12 p e rc e n t)  in  1975 .
T a b le  15 in d ic a te s  the m e a n  n u m b e r  o f d u ck lin g s  p e r  b ro o d  
fo r  each  p lu m a g e  c la s s , c o n s id e r in g  o n ly  b ro o d s  w h ic h  I  o b s e rv e d  
d u rin g  th a t in te r v a l .  B a s e d  on th o se  d a ta , th e  a v e ra g e  n u m b e r  of 
young r e a r e d  f o r  e a ch  know n s u c c e s s fu l n e s tin g  w as n e a r ly  fo u r .
T a b le  15. M e a n  b ro o d  s iz e  b y  p lu m a g e  c la s s  b ased  on 
a l l  b ro o d s  o b s e rv e d  d u rin g  p lu m a g e  in te r v a l .
1973 1974 1975 M e a n
C la s s  I
no . young 16 27 11
no. b ro o d s 3 6 2 >
X b ro o d  s iz e 5- 33 4 . 5 5. 5 4 . 9
C la s s  11
no . young 10 11 9
no. b ro o d s 2 4 2
X b ro o d  s iz e 5 2 . 75 4 . 5 3. 75
C la s s  I I I
no . young 17 12 2
no. b ro o d s 4 3 1
X b ro o d  s iz e 4 . 25 4 2 3. 88
T h e  p e rc e n ta g e  o f know n young w h ic h  s u rv iv e d  f r o m  h a tch in g  
u n til d e p a r tu re  w as s u b s ta n t ia l ly  h ig h e r  d u rin g  1973 th an  in  the  
fo llo w in g  2 y e a rs  (F ig .  1 0 ). In  1 9 7 3 , .83 p e rc e n t of the  young o b s e rv e d  
s u rv iv e d  f r o m  t h e ir  e m e rg e n c e  on th e  s tu d y  a r e a  u n til  m ig ra t io n .
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F o r t y  p e rc e n t  s u c c e s s fu lly  re a c h e d  th e  n e a r ly  fle d g e d  s tag e  in  1974  
and o n ly  18 p e rc e n t in  19 75 . E a c h  y e a r  m o r ta l i t y  w as  g re a te s t  
d u r in g  th e  f i r s t  2 w e e k s , and a f te r  3 w ee k s  no a d d it io n a l young w e r e  
lo s t .  T h e  a v e ra g e  b ro o d  s iz e  o f a l l  know n b ro o d s  f r o m  s h o r t ly  a f te r  
h a tc h in g  u n til  n e a r ly  f le d g e d , a n o th e r  w a y  of c o m p a rin g  b re e d in g  
s u c c e s s , r e v e a le d  s im i la r  d is p a r it ie s  am o n g  th e  th re e  seasons (F ig .  
11).
F a c to r s  In flu e n c in g  P ro d u c tio n
A  n u m b e r  o f e n v iro n m e n ta l fa c to rs  d i r e c t ly  a ffe c te d  p r o ­
d u c t iv ity  and  th e  su bsequ ent s u r v iv a l  of n e w ly  h a tch ed  young. T h o s e  
c l im a t ic  fa c to rs  w h ic h  in flu e n c e d  th e  t im in g , in te n s ity , and d u ra tio n  
o f s p r in g  ru n o ff  w e r e  m o s t im p o r ta n t . R u n o ff depended u l t im a te ly  on 
the  a c c u m u la tio n  of w in te r  s n o w fa ll a t m id d le  and h ig h  e le v a tio n s .
Snow c o u rs e  s u rv e y s  p ro v id e d  f a i r l y  r e l ia b le  in d ic a to rs  of th e  p o te n tia l 
r u n o ff  (T a b le  1 6 ).
P r e c ip ita t io n  and  te m p e r a tu r e  d u rin g  w in te r  and s p r in g  w e re  
th e  tw o  p r in c ip a l  v a r ia b le s  c o n tro ll in g  the  a c c u m u la tio n  and d is s ip a tio n  
o f snow . E x c e p t d u rin g  D e c e m b e r , w in te r  and s p r in g  p re c ip ita t io n  in  
1973 w as  e x t r e m e ly  lo w  (F ig .  1 2 ). T h e  sn o w p ack w as so d e fic ie n t th a t 
the  N a t io n a l W e a th e r  S e r v ic e , w h ic h  c o m p ile s  ru n o ff fo re c a s ts ,  
p re d ic te d  the  lo w e s t ru n o ff  in  29  y e a rs  (A n on . 1 9 7 3 e ). W in te r  p r e ­
c ip ita t io n  d u r in g  1 9 7 4  w as f a r  ab ove  a v e ra g e . O n  1 A p r i l  snow
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F ig .  10 . C o m p a r is o n  of s u r v iv a l  o f kn ow n  b ro o d s  d u r in g  
1 9 7 3 , 1 9 7 4 , and 19 75 .
F ig .  11. C o m p a r is o n  o f a v e ra g e  b ro o d  s iz e s  o f know n b ro o d s  
d u r in g  19 73 , 1 9 74 , and 1 975 .
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Table 16. Summary of snowcourse survey data. M ineral Creek snowcourse (from Anon. 1975f, 
Fam es and Shafer 1975).
1 March 1 A pril 1 May
Year Snow
depth
(cm)
W ater
equlv.
(cm)
% 15-year 
average
Snow
depth
(cm)
Water 15-year
equiv. average 
(cm)
Snow
depth
(cm)
Water
equiv.
(cm)
% 15-year 
average
1973 88. 9 29. 72 64 88. 9 30. 23 60 38.1 13.72 38
1974 213.3 61.98 133 182. 9 58.42 115 127.0 52.6 147
1975 “149.9 48. 3 103 182. 9 54.6 108 114.1 44.45 124
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F ig .  12 . C o m p a r is o n  of m o n th ly  p r e c ip i ta t io n .  W e s t G la c ie r ,  
M T ,  fo r  1 9 7 3 , 1 9 7 4 , and  1 9 7 5 . E x p re s s e d  as p e rc e n ta g e  d e v ia t io n  
f r o m  n o r m a l.  ( F r o m  A n o n . 1 9 7 3 b , 1 9 7 4 c , 1 9 7 5 d . )
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a c c u m u la tio n  on a l l  s n o w c o u rs e s  in  th e  F la th e a d  R iv e r  d ra in a g e  w as  
w e l l  ab ove  a v e ra g e , and h ig h  e le v a tio n  s n o w c o u rse s  had a n e a r - r e c o r d  
w a te r  co n ten t (A n on . 1 9 7 4 f), O n 1 M a y  th e  N a tio n a l W e a th e r  S e rv ic e  
p re d ic te d  th a t d is c h a rg e  in  th e  C o lu m b ia  R iv e r  b a s in  w o u ld  be the  
t h i r d  h ig h e s t s in c e  1916 (A non. 1 9 7 4 i) . W in te r  p re c ip ita t io n  in 1 975 , 
on th e  o th e r  hand , w as  n e a r  a v e ra g e  and , b ased  on snow c o u rse  
s u rv e y s  a lo n e , e a r ly  p re d ic tio n s  c a lle d  fo r  a n o rm a l ru n o ff  (A non. 
1 9 7 5 g ).
T e m p e r a tu re s  a ls o  v a r ie d  w id e ly  am ong th e  3 y e a rs  (F ig .  13 ), 
E x c e p t fo r  D e c e m b e r , J a n u a ry , and F e b r u a r y ,  m e a n  m o n th ly  te m p e r ­
a tu re s  d u r in g  th e  1973 w a te r  y e a r  w e re  above a v e ra g e . In  1974 , 
te m p e r a tu re s  w e r e  c o n s id e ra b ly  above a v e ra g e  th ro u g h o u t the  w in te r  
and s p r in g , and th e  c u m u la tiv e  ru n o ff in  th e  M id d le  F o r k  o f the  
F la th e a d  R iv e r  b e tw e e n  1 O c to b e r  1973 and 1 M a y  1974 w as 142 p e rc e n t  
of th e  1 5 -y e a r  a v e ra g e  (A n on . 19 7 4 h ). B u t, b e lo w  a v e ra g e  te m p e r ­
a tu re s  in  M a y  r e s u lte d  in  an in c re a s e  in  th e  w a te r  conten t o f the  
m o u n ta in  sn o w p ack  d u rin g  th e  f in a l  15 days of M a y  (A non. 19 74g ). 
D e s p ite  p r e c ip ita t io n  w h ic h  w as s l ig h t ly  b e lo w  a v e ra g e  f r o m  M a rc h  
th ro u g h  M a y , u n u s u a lly  lo w  s p r in g  te m p e ra tu re s  in  1975 (T a b le  17) 
s u b s ta n t ia lly  in c re a s e d  th e  w a te r  co n ten t o f the sn o w p ack  th ro u g h  
A p r i l  (F a m e s  and S h a fe r  1 9 7 5 ). T h e  lo w  te m p e ra tu re s  r e ta rd e d  
snow  m e lt ,  and  th ro u g h  th e  end o f A p r i l  c u m u la tiv e  ru n o ff in  the M id d le  
F o r k  of th e  F la th e a d  R iv e r  w as  o n ly  40 to  50 p e rc e n t of n o rm a l (A non.
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F ig .  13 . C o m p a r is o n  o f m e a n  m o n th ly  te m p e r a tu r e s .  W e s t  
G la c ie r ,  M T ,  f o r  1 9 7 3 , 1 9 7 4 , and 1 9 7 5 . E x p re s s e d  as p e rc e n ta g e  
d e v ia tio n  f r o m  n o r m a l.  (F r o m  A n o n . 1 9 7 3 b , 1 9 7 4 c , 1 9 7 5 d . )
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1 9 7 5 i) . A lth o u g h  to ta l s n o w fa ll in  1975 w as le s s  than  in  1974 and o n ly  
s l ig h t ly  g r e a te r  th an  in  1 9 73 , snow p e rs is te d  m u ch  lo n g e r  (T a b le  18 ). 
T h e  m a jo r i t y  o f th e  w in te r 's  snow  a c c u m u la tio n  a t m id d le  and h igh  
e le v a tio n s  s t i l l  r e m a in e d  in  la te  M a y , and p re d ic tio n s  in d ic a te d  a 
d e la y  in  s n o w m e lt o f n e a r ly  a  m o n th  (A non. 1975h ).
T a b le  17. T o ta l  n u m b e r o f h e a tin g  d e g re e  d ays . W e s t  
G la c ie r ,  M T .  E x p re s s e d  in  ° C ,  base  
te m p e r a tu re  3 6 . 11®C. (F r o m  A no n . 1 9 7 3a , 
1 9 74b , 1 9 7 5 c .)
F e b . M a r . A p r . M a y June T o ta l
1973 619 503 394 238 127 1 ,881
1974 534 565 371 307 92 1 ,8 6 9
1975 706 618 479 293 174 2 ,2 7 0
O n 1 M a y  1 9 7 5 , th e  N a tio n a l W e a th e r  S e rv ic e  p re d ic te d  a 
50 p e rc e n t p r o b a b il i ty  of flo o d in g  in  a l l  s t re a m s  of the C o lu m b ia  
R iv e r  d ra in a g e , w ith  a  90 p e rc e n t chance in  m a n y  s m a ll  s t re a m s  
(A n on . 19751). F o re c a s ts  a ls o  in d ic a te d  a p ro lo n g e d  ru n o ff and  
w a rn e d  th a t an y  s ig n if ic a n t  am o u n ts  o f r a in  in  June w o u ld  cause a  
r a p id  r is e  in  m o u n ta in  s tre a m s  (A non. 1 9 75 h ).
D a i ly  p r e c ip ita t io n  and a v e ra g e  d a ily  te m p e ra tu re s  d u rin g  
June d i r e c t ly  in flu e n c e d  ru n o ff  b y  c o n tro ll in g  th e  r a te  o f s n o w m e lt . 
F ig .  14 c o m p a re s  d a i ly  p r e c ip ita t io n  and m e a n  d a i ly  te m p e ra tu re s  in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig .  14 . C o m p a r is o n  o f d a i ly  p r e c ip i ta t io n  and  m e a n  d a i ly  
te m p e r a tu r e  d u r in g  Ju n e  1 974  and  1975  a t  W e s t G la c ie r ,  M T .  ( F r o m  
A n o n , 1 9 7 4 a , 1 9 7 5 b .)
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W e s t G la c ie r ,  M o n ta n a , d u rin g  June o f 1974 and 19 75 . In  1974 h e av y  
p r e c ip ita t io n  o c c u r re d  in  e a r ly  June fo llo w e d  b y  2 w eeks  o f u n sea so n ­
a b ly  ho t and d r y  w e a th e r . D u r in g  th is  p e r io d  d a ily  m a x im a  in  W e s t  
G la c ie r  w e re  o v e r  3 0 “ C . T h e  m ean  d a ily  te m p e ra tu re  d u rin g  June  
w as 2 . 11°.C above th e  1 5 - y e a r  a v e ra g e . S e v e ra l m o re  h e a v y  ra in s  
o c c u r re d  in  th e  la s t  10 days of June 19 74 . T e m p e ra tu re s  g ra d u a lly  
in c re a s e d  in  Ju ne  1975 and, a ltho ugh  to ta l p re c ip ita t io n  w as not 
u n u s u a lly  h ig h , s e v e r a l  h e a v y  ra in s  o c c u rre d  in  th e  m id d le  o f the  
m onth; a n o th e r  1 .2 5  c m  o f p re c ip ita t io n  o c c u rre d  on 3 J u ly  (A non. 
1 9 7 5 c ).
R u n o ff f ig u re s  f r o m  the  M id d le  F o r k  of the  F la th e a d  R iv e r  
p ro v id e d  a re a s o n a b ly  a c c u ra te  in d ex  of ru n o ff on M c D o n a ld  C re e k  
(F ig .  1 5 ). In  1973 p e a k  ru n o ff  o c c u rre d  on 18 M a y  and w a te r  le v e ls ,  
though w e l l  b e lo w  a v e ra g e , f lu c tu a te d  u n til m id -J u n e  (A non. 1 9 7 3d ). 
S tre a m  le v e ls  re m a in e d  b e lo w  n o rm a l th ro u g h o u t th e  s u m m e r . In  1974  
un sea so n ab le  te m p e r a tu re s  r e s u lte d  in  a r a p id  in c re a s e  in  w a te r  le v e ls  
u n til  p e a k  flo w  w as  re a c h e d  on 18 June (A non. 1 9 7 4 e ). F r o m  15 to  30  
June w a te r  le v e ls  on lo w e r  M c D o n a ld  C re e k  (F ig .  16) re m a in e d  
e x t r e m e ly  h igh; s t re a m f lo w  d e c lin e d  l i t t l e  u n til J u ly . D u r in g  1975  
ru n o ff  in c re a s e d  th ro u g h  e a r ly  June (F ig s . 15, 16 , 17 ), and fo llo w in g  
h e a v y  r a in s ,  re a c h e d  flo o d  s ta g e  on 20  Ju n e . P e a k  d is c h a rg e  on th e  
M id d le  F o r k  o f th e  F la th e a d  R iv e r  in  1975 w as  n e a r ly  double th a t of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig .  15. S tre a m flo w  m e a s u re m e n t  f r o m  g a g in g  s ta t io n .  
M id d le  F o r k  F la th e a d  R iv e r  n e a r  W e s t G la c ie r ,  M T .  (F r o m  
A n o n . 19 73d , 1 9 7 4 e , 1 9 7 6 . )
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F ig .  16 . S tre a m flo w  m e a s u re m e n t f r o m  gage on A p g a r  
B r id g e , L o w e r  M c D o n a ld  C r e e k  n e a r  W e s t G la c ie r ,  M T .  ( F r o m  
A n o n . 1 9 7 3 c , 1 9 7 4d , 1 9 7 5 e . )
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F ig .  17 . S tre a m flo w  m e a s u re m e n t  f r o m  U p p e r  M c D o n a ld  
C r e e k ,  5 k m  ab o ve  o u tle t  in to  L a k e  M c D o n a ld .
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1974 flo o d  (A n on . 1 9 7 6 ). A f t e r  th e  p e a k , s t re a m  le v e ls  began  to  
su b s id e  q u ic k ly  bu t m o re  h e a v y  ra in s  caused d is c h a rg e  to re m a in  h ig h  
th ro u g h  m id -J u ly .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C H A P T E R  V  
D IS C U S S IO N
W in te r in g  and P r e m ig r a t io n
D u r in g  th e  w in te r  m o n th s . H a r le q u in  D u c k s  a r e  m u ch  m o re  
s o c ia b le  th a n  d u rin g  th e  b re e d in g  s e a so n . T h e y  o c c u r  in  lo o se  
a g g re g a tio n s  of 5 to  30 b ir d s ,  bu t o c c a s io n a lly  fo r m  dense f lo c k s  of 
20 0  o r  m o re  (J e w e tt e t a l .  1 9 5 3 ). In fo rm a t io n  on w in te r in g  a c t iv i t ie s ,  
c h ro n o lo g y  of p a ir  fo rm a t io n , and s p r in g  m ig r a t io n  in  w e s te rn  N o r th  
A m e r ic a  is  la c k in g . B en g tso n  (1 9 6 6 ) re p o r te d  th a t in  Ic e la n d  so m e  
c o u r ts h ip  b e h a v io rs  began  as e a r ly  as D e c e m b e r  w h en  he o b s e rv e d  
12 p a ir s  in  a g ro u p  of 20 0  ducks; p a ire d  b ird s  a v o id e d  la r g e  c o u rtin g  
p a r t ie s  and ty p ic a l ly  o c c u r re d  a lo n e  o r  w ith  o th e r  p a ir s .  In  A p r i l ,
4
Ic e la n d ic  H a r le q u in s  abandoned w in te r in g  a re a s  and began  a s s e m b lin g  
n e a r  r i v e r  o u tle ts  in  f jo rd s  and bays  (G udm undsson  1 9 7 1 ). M o s t p a ir  
fo r m a t io n  is  c o m p le te  b e fo re  s p r in g  m ig ra t io n  c o m m en ce s  (B en g tso n  
1 9 7 2 , G udm und sso n  1 9 7 1 , P a lm e r  1976 , S alom ons en 1 9 5 0 ). H o w e v e r ,  
in te n s e  c o u rts h ip  a c t iv i ty  co n tin u e s  even  a f te r  H a r le q u in s  re a c h  the  
b re e d in g  g ro u n d s . E r s k in e  (1 9 6 1 ), in  h is  s tu d y  o f B u ffle h e a d s  
(B u c e p h a la  a lb e o la ), d is a g re e d  w ith  r e p o r ts  th a t p a ir  fo rm a t io n  in  
B u ffle h e a d s  p re c e d e d  m ig r a t io n .  H e  fe l t  th a t s in c e  c o p u la tio n s  r a r e l y
88
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o c c u r r e d  on th e  w in te r in g  g ro u n d s , and  c o u rts h ip  co n tin u ed  d u rin g  and  
a f t e r  m ig r a t io n , m o s t p a ir  b o n d in g  a ls o  to o k  p la c e  d u rin g  o r  a f t e r  
s p r in g  m ig r a t io n . D a ta  f r o m  m y  s tu d y  in d ic a te d  th a t a l l  p a ir  f o r m a ­
t io n  p re c e d e s  a r r i v a l  a t th e  b re e d in g  g rou nd s and p ro b a b ly  o c c u rs  on 
w in te r in g  a r e a s .  I  o b s e rv e d  a t le a s t  one case  w h e re  th e  p a i r  bond  
w as  re n e w e d  b e tw e e n  th e  s a m e  m a le  and fe m a le  in  2 c o n s e c u tiv e  
y e a rs ;  B en g ts o n  r e c o rd e d  tw o  s im i la r  in s ta n c e s . T h e s e  d a ta  in d ic a te  
th a t  p a ir in g  p ro b a b ly  ta k e s  p la c e  e i th e r  on w in te r in g  grounds o r  v e r y  
n e a r  th e  b re e d in g  g ro u n d s . T h e  lo w  p r o b a b il i ty  o f ra n d o m  m e e tin g s  
b e tw e e n  tw o  ducks in  s u c c e s s iv e  y e a rs  d u rin g  m ig r a t io n  su g g es ts  th a t  
w in te r in g  a re a s  m a y  b e  t r a d it io n a l  and s p e c if ic  to  each  b re e d in g  p o p u ­
la t io n .
S p rin g  M ig r a t io n
S p rin g  m ig r a t io n  o f H a r le q u in s , as d e s c r ib e d  b y  B en gtson  
(1 9 6 6 ) and  G u dm undsson  (1 9 7 1 ) is  u n lik e  th a t o f a n y  o th e r  w a te r fo w l  
s p e c ie s . B o th  f e l t  th a t H a r le q u in s , l ik e  s a lm o n , t r a v e le d  to  th e ir  
b re e d in g  a re a s  b y  fo llo w in g  th e  r iv e r s ,  a s c e n d in g  th e  t r ib u ta r ie s  u n til 
re a c h in g  t h e i r  r e s p e c t iv e  b re e d in g  g ro u n d s . M ig r a t in g  in th is  m a n n e r  
ta k e s  a c o n s id e ra b le  t im e  as ducks a r e  s a id  to  s w im  m uch  of the  w a y , 
m a k in g  o n ly  r e la t iv e ly  s h o r t  f l ig h ts  (B en g tso n  1 9 66 , G udm undsson  
1 9 7 1 ). P a lm e r  (1 9 7 6 ) a g re e d  th a t su ch  a  m ig r a t io n  m a y  be p o s s ib le  
f o r  p o p u la tio n s  w h ic h  b re e d  n e a r  th e  o c e a n , b u t s p e c u la te d  th a t b ird s
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b re e d in g  in  in la n d  m o u n ta in  ra n g e s  in  w e s te rn  N o r th  A m e r ic a  m u s t f ly  
o v e r la n d . N o  m a jo r  m ig r a to r y  c o n c e n tra tio n s  h ave  been  d e s c r ib e d  
e i th e r  on la k e s  o r  r iv e r s  in  w e s te rn  N o r th  A m e r ic a ,  and H a r le q u in s  
s e e m  to  t r a v e l  a lo n e  o r  in  s m a ll  g ro u p s . In  M o n ta n a , th ose  p o p u la ­
tio n s  w h ic h  b re e d  w e s t o f th e  C o n tin e n ta l D iv id e  co u ld  re a c h  th e ir  
b re e d in g  g ro u n d s  b y  fo llo w in g  th e  t r ib u ta r ie s  o f m a jo r  r i v e r  s y s te m s  
f lo w in g  in to  th e  P a c i f ic .  H o w e v e r , the  few  ducks w h ic h  b re e d  e a s t o f 
th e  C o n tin e n ta l D iv id e  in  th e  M is s o u r i  R iv e r  d ra in a g e  m u s t a t le a s t  
m a k e  s h o r t o v e r la n d  f l ig h ts  to  re a c h  c re e k s  e a s t o f the m o u n ta in s .
G u dm undsson  (1 9 7 1 ) s ta te d  th a t f i r s t - y e a r  H a r le q u in s  m a y  
a c c o m p a n y  a d u lts  to  th e  r i v e r  o u tle ts , bu t r e m a in  b e h in d  w hen  
b re e d in g  b ird s  b e g in  a s c e n d in g  the  r iv e r s ;  la r g e  flo c k s  of y e a r lin g s  
a r e  c o m m o n ly  s e en  a t s e a  th ro u g h o u t the  s u m m e r . S u rp lu s  a d u lt  
m a le s  o fte n  ac c o m p a n y  p a ir s  to  the  b re e d in g  g rou nd s and d u rin g  m y  
s tu d y  a fe w  m a le s  w e r e  a lw a y s  p re s e n t on the  c r e e k  n e a r ly  2 w ee ks  
b e fo re  a n y  p a irs  a r r iv e d .
M ig r a t io n a l  H o m in g
I t  is  g e n e r a l ly  f e l t  th a t m ig r a t io n a l  h o m in g  in  w a te r fo w l  
depends on the  fe m a le 's  a b i l i t y  to  lo c a te  h e r  f o r m e r  b re e d in g  a r e a  
(H o ch b au m  1 944 , L in c o ln  1 9 3 4 , M e n d a ll  1 9 5 8 , S ow ls  1 9 5 5 ). H o m in g  
s e e m s  to  b e  w e l l  d e v e lo p e d  in  fe m a le  H a r le q u in s , and th re e  fe m a le s  
w h ic h  re tu rn e d  to  m y  s tu d y  a r e a  in  3 c o n s e c u tiv e  y e a rs  e s ta b lis h e d
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s e a s o n a l h o m e ra n g e s  in  the  s a m e  a r e a  each  y e a r .  B en g tso n  (1 9 7 2 )  
a ls o  n o ted  th a t fe m a le s  re tu rn e d  to  th e  s a m e  s t re tc h  of c re e k  each  
y e a r .
S om e h o m in g  te n d e n c y  has been  o b s e rv e d  in  m a le  ducks  
(S ow ls 1 9 5 5 ), and E r s k in e  (1 9 6 1 ) f e l t  th a t h o m in g  m a y  be w e l l  
d e v e lo p e d  in  m a le  B u ffle h e a d s . F o u r  banded m a le  H a r le q u in s  
r e tu r n e d  to  m y  s tu d y  a r e a  d u r in g  2 c o n s e c u tiv e  y e a r s . T h re e  w e r e  
p a ire d  on r e tu r n  and m a y  have  depended on th e ir  m a te s  to  le a d  th e m  
to  th e  s tu d y  a r e a .  O ne w as  u n p a ire d  d u rin g  both  y e a r s , in d ic a tin g  
th a t he lo c a te d  th e  a r e a  in d e p e n d e n tly .
A p p a re n t ly  m a le  H a r le q u in s  w h ic h  a r e  u n s u c c e s s fu l in  
o b ta in in g  m a te s  m a y  h o m e to  th e  s a m e  a r e a  d u r in g  s u c c e s s iv e  y e a r s .  
T h e  q u e s tio n  re m a in s  w h e th e r  b a c h e lo r  m a le s  m ig r a t in g  fo r  th e ir  f i r s t  
t im e  to  a b re e d in g  a r e a  r e tu r n  to  th e ir  n a ta l a r e a ,  fo llo w  o th e r  p a ire d  
d u c ks , o r  a r r iv e  b y  ch ance  in  a  b re e d in g  a r e a .  T h e  la t t e r  tw o  s e e m  
le s s  l i k e ly  s in c e  e a r ly  a r r i v a l  o f s o m e  m a le s  in d ic a te s  th a t th e y  need  
no t depend on fe m a le s ,  and chance w a n d e rin g s  w o u ld  be e x t r e m e ly  
u n p ro fita b le  as fe w  in la n d  m o u n ta in  s t re a m s  c o n ta in  b re e d in g  p o p u la ­
t io n s . B en g ts o n  (1 9 7 2 ) found  th a t m a le s  w h ic h  had s u c c e s s fu lly  
o b ta in e d  m a te s  one y e a r  w e r e  n e v e r  am on g  th e  n o n b re e d in g  s u rp lu s  
th e  fo llo w in g  y e a r .  T h u s , i t  is  l ik e ly  th a t b a c h e lo r  m a le s  in c lu d e  
m o s t ly  y o u n g e r b ird s  o r  th o s e  w h ic h , b e c a u s e  of b e h a v io ra l a n o m a lie s ,  
a r e  u n ab le  to  s e c u re  m a te s . P o s s ib ly  in c lu d e d  am o n g  th e  b a c h e lo r
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m a le s  a r e  so m e  w h ic h  have  ju s t  a tta in e d  s e x u a l m a tu r i ty  and a r e  
r e tu r n in g  to  th e ir  n a ta l b re e d in g  g ro u n d s .
E a r ly  in v e s t ig a to rs  doubted  th a t fe m a le  ducks b re e d in g  fo r  
th e  f i r s t  t im e  ten d ed  to  h o m e  to  th e ir  n a ta l a r e a ,  L in c o ln  (1 9 3 4 ) f e l t  
th a t  th e  h o m in g  in s t in c t  o p e ra te d  o n ly  a f te r  th e  fe m a le  had n e s te d , and  
th e  lo c a t io n  of the  f i r s t  n e s t w as  p r im a r i l y  due to  ch an ce . Sow ls  
(1 9 5 5 ), h o w e v e r , found  a s u b s ta n tia l te n d e n c y  fo r  y e a r l in g  fe m a le s  of 
s e v e r a l  w a te r fo w l s p e c ie s  to  b re e d  fo r  the  f i r s t  t im e  a t th e ir  n a ta l  
b re e d in g  g ro u n d s . M c C a b e  (1 9 4 7 ) re p o r te d  a  s im i la r  te n d e n c y  in  
W ood D u cks  (A ix  sp o n s a ). T h e  r e tu r n  in  1976 o f tw o  H a r le q u in  
fe m a le s  f r o m  a to ta l  o f f iv e  ju v e n ile s  of unknow n s e x  w h ic h  w e re  
banded in  1974 in d ic a te s  a  h ig h  d e g re e  o f m ig r a to r y  h o m in g  in  
H a r le q u in  fe m a le s  b re e d in g  fo r  th e  f i r s t  t im e .
E rs k in e  (1 9 6 1 ) found  th a t B u ffle h e a d s  d is p la y  an a b i l i t y  to  
h o m e to  w in te r in g  as w e l l  as b re e d in g  a r e a s .  C ir c u m s ta n t ia l  
e v id e n c e  in d ic a te s  th a t H a r le q u in s  m a y  w in te r  in  th e  s a m e  a r e a  each  
y e a r ,  and it  is p o s s ib le  th a t th e y  m a y  spend  th e  w in te r  in  d is c r e te  
gro u p s  c o n s is tin g  m a in ly  o f b ird s  w h ic h  c o m p r is e  a  b re e d in g  
p o p u la tio n .
H a b ita t  U se
B en g tso n  (1 9 6 6 , 1 9 72 ) and G u d m u n d sso n  (1 9 7 1 ) s ta te d  th a t  
b re e d in g  H a r le q u in  D u cks  w e r e  s t r i c t l y  bound to  ru n n in g  w a te r
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h a b ita ts  and o c c u r re d  in  la k e s  o n ly  n e a r  o u tle ts  w h e re  s im u l i id  la r v a e  
abound. O n M c D o n a ld  C r e e k ,  th e  in te r s p e rs io n  o f s tan d in g  and  
ru n n in g  w a te r  h a b ita ts  w a s  an e s s e n tia l fe a tu r e .  D u r in g  s p r in g  
a r r i v a l ,  th e  b ird s  r a r e ly  e n te re d  b a c k w a te rs , but th ro u g h o u t m o s t of 
th e  c o u rts h ip  an d  n e s tin g  se a s o n , ru n n in g  and s ta n d in g  w a te rs  
re c e iv e d  use w h ic h  w as  p ro p o r t io n a l to  th e ir  o c c u rre n c e  on th e  a r e a .  
M y  s ta t is t ic a l  a n a ly s is  o f h a b ita t  p r e fe r e n c e  s e e m s  to  Im p ly  th a t,  
d u r in g  M a y , b re e d in g  H a r le q u in s  p r e f e r r e d  a re a s  a c c e s s ib le  to  
h u m a n s . T h is  s e e m in g ly  a n o m a lo u s  Im p lic a t io n  s e e m s  e rro n e o u s  
and m a y  be p a r t ia l ly  e x p la in e d  b y  tw o  fa c to r s .  F i r s t ,  d u rin g  M a y  
n u m b e rs  o f hum ans a r e  e x t r e m e ly  lo w , and a lth o u g h  H a r le q u in s  used  
h a b ita ts  n e a r  h u m an  d e v e lo p m e n ts , v i r t u a l ly  no p eo p le  w e r e  p re s e n t  
a t th a t t im e .  Second, th e  d a ta  m a y  be b ia s e d  s in c e  deep snow  c o v e r  
in h ib ite d  fo o t t r a v e l  d u r in g  e a r ly  M a y , and I  v is ite d  so m e of the  m o re  
re m o te  a re a s  le s s  f r e q u e n t ly  th a n  e a s i ly  a c c e s s ib le  re a c h e s .
G e n e ra lly , p r e f e r r e d  fe e d in g  and lo a fin g  a re a s  w e re  in  fa s t  
w a te r s .  C anyons and g o rg e s  r e c e iv e d  a  d is p ro p o r tio n a te  am o u n t of 
use d u rin g  so m e p e r io d s , p ro b a b ly  b e c a u s e  th e  b e d ro c k  s u b s tra te  
o ffe re d  n u m e ro u s  lo a f in g  s ite s  and s u p p o rte d  dense p o p u la tio n s  of 
s m a ll  In s e c t la r v a e .  B u t s h a llo w  oxbow s and o th e r  s im i la r  s tre tc h e s  
of abandoned s t re a m  c h a n n e l w e r e  a ls o  im p o r ta n t  h a b ita t co m p o n e n ts . 
S e v e ra l fe a tu re s , m o s t o f w h ic h  w e r e  a g e -d e p e n d e n t, d is tin g u is h e d  
p r e f e r r e d  ponds f r o m  th o s e  r e c e iv in g  l i t t l e  u s e . A l l  c a lm  a re a s
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s e rv e d  as a lte r n a te  fe e d in g  s ite s  f o r  a d u lts  d u r in g  h ig h  w a te r ;  ponds  
a ls o  w e r e  fre q u e n te d  d u r in g  th e  e g g -la y in g  p e r io d  w h en  fe m a le s  w e re  
p ro b a b ly  s e a rc h in g  fo r  s u ita b le  n e s t s ite s  and b e c o m in g  f a m i l i a r  w ith  
p o te n t ia l b r o o d - r e a r in g  a r e a s .  U se  of s e c lu d e d  ponds enhanced  
d u c k lin g  s u r v iv a l ,  but fe m a le s  w ith  b ro o d s  ty p ic a l ly  av o id e d  ponds  
w h ic h  w e r e  fre q u e n te d  b y  h u m a n s . G e n e r a l ly ,  o ld  m e a n d e rs  w e r e  
m o re  s ta b le  th an  y o u n g e r ponds and le s s  a ffe c te d  b y  f lu c tu a tio n s  in  
s t r e a m  f lo w , e x c e p t d u r in g  e x t r e m e ly  h igh  w a te r ;  th o se  a re a s  w e r e  
s e le c te d  f o r  b r o o d - r e a r in g .  H a b ita t  w ash o u t o c c u r re d  r a r e ly  in  o ld  
ponds and e m e rg e n c e  o f a d u lt in s e c ts  w as  r e la t iv e ly  d e pen dab le  d u rin g  
th e  b r o o d - r e a r in g  p e r io d . S ilta t io n  o c c u r re d  m o re  fre q u e n t ly  in  
n e w ly  fo rm e d  ponds and p ro b a b ly  re d u c e d  bo th  th e  d iv e r s i t y  and  
abundance o f in s e c t fa u n a  in  th o se  ponds. O ld e r  m e a n d e rs  w h ic h  w e r e  
fe d  p r im a r i l y  b y  s p r in g  seeps and s m a ll  b ro o k s  w e re  ty p ic a l ly  d e e p e r  
and m o re  p e rs is te n t  th ro u g h o u t th e  s u m m e r  th an  n e w e r  ponds. U s a b le  
h a b ita t  in  n e w e r , s h a llo w e r  ponds d e te r io r a te d  q u ic k ly  a f t e r  p e a k  
ru n o ff  w h en  s u r fa c e  w a te r  an d  h y p o rh e a l flo w  su b s id e d . S in ce  o ld e r  
ponds u s u a lly  c a r r ie d  l i t t l e  s u r fa c e  f lo w  f r o m  M c D o n a ld  C re e k , w a te r  
le v e ls  w e r e  q u ite  c o n s ta n t, and s u ita b le  lo a fin g  s ite s  ty p ic a l ly  d id  not 
b e c o m e  in u n d ated  d u r in g  p e a k  ru n o ff .
A lth o u g h  b e n th ic  in v e r te b r a te s  w e r e  m o re  n u m e ro u s  in  
s t r e a m  h a b ita ts  than in  p o n d s , d u r in g  sp a te s  m a n y  la r v a e  in  the  
s t r e a m  w e r e  u n a v a ila b le  as th e y  e i t h e r  sought re fu g e  in  the h y p o rh e ic
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zone o r  w e r e  w a s h e d  d o w n s tre a m . D u r in g  flo o d in g , a d u lt ducks  
m o v e d  In to  b a c k w a te rs  w h e re  food w as s t i l l  r e a d i ly  a v a ila b le .  
E m e rg e n c e  o f a d u lt in s e c ts  in  M a y  and June c o m b in e d  w ith  h a b ita t  
w a s h o u t to  re d u c e  bo th  s iz e  and a v a i la b i l i t y  of food in  the  c r e e k  d u rin g  
e a r ly  s u rn m e r . U n t i l  the  la t t e r  p a r t  o f J u ly , ru n n in g  w a te rs  co n ta in e d  
fe w  la r g e  fo od  i te m s . D u r in g  la te  Ju n e , a d u lts  fre q u e n te d  s ta b le  
b e d ro c k  a re a s ;  ro o te d  p la n ts  in  c re v ic e s  h a rb o re d  abundant la r v a e  
and C h iro n o m id a e  w e r e  a lw a y s  n u m e ro u s  th e r e .  T h e  s m a ll  s iz e  of 
th o s e  la r v a e  fa v o re d  n o n s e le c tiv e  fe e d in g  and ducks ty p ic a l ly  sought 
i r r e g u la r i t ie s  in  th e  s u b s tra te , s c ra p in g  w ith  th e ir  b i l ls  to  d is lo d g e  
food  ite m s . D u r in g  th a t p e r io d  th e  d u ck s ' fe c e s  o fte n  had a g re e n is h  
t in t  as  th e y  p ro b a b ly  in g e s te d  so m e p la n t m a te r ia l  w h ile  s c ra p in g  fo od  
f r o m  ro c k  s u r fa c e s .
W hen  fe m a le s  w ith  b ro o d s  f i r s t  v e n tu re d  in to  the  c re e k , th e y  
a v o id e d  ra p id s  and canyons and fre q u e n te d  m e a n d e r  a re a s  w h e re  
c u r r e n t  w a s  s lo w e r . H o w e v e r , as d iv in g  and s w im m in g  s k i l ls  
d e v e lo p e d , b ro o d s  m o v e d  in to  r a p id  a re a s  w ith  b e d ro c k  s u b s tra te s .
T h e  r e la t iv e  f e r t i l i t y  o f th o s e  re a c h e s  a p p a re n tly  en ab led  young  
d u c k lin g s  to  fe e d  n o n s e le c t iv e ly , th e re b y  o b ta in in g  ad equ ate  food  even  
though th e y  w e re  le s s  ad e p t th an  a d u lts  a t p u rs u in g  and c a p tu r in g  p re y .  
T h e  use o f b e d ro c k  a re a s  w as  e s p e c ia lly  p ro n o u n ce d  in  1974 and 1975  
w hen flo o d in g  and h a b ita t  w as h o u t in  le s s  s ta b le  cobb le  a re a s  a d v e rs e ly  
a ffe c te d  in s e c t p o p u la tio n s  th e r e .  W h en  us ing  s t r e a m  h a b ita ts .
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fe m a le s  w ith  young s e le c te d  th e  s a m e  lo a f in g  s ite s  w h ic h  w e r e  used  
b y  b re e d in g  a d u lts  e a r l i e r  in  th e  s e as o n .
T h e  a v o id a n c e  o f a re a s  fre q u e n te d  b y  hu m an s r e f le c te d  th e  
s e n s it iv i ty  o f b ro o d s  d u r in g  th e ir  f i r s t  w e e k s . S om e pond h a b ita ts  
w h ic h  o th e rw is e  s e e m  to  p ro v id e  ad e q u a te  b r o o d - r e a r in g  h a b ita t  a r e  
re n d e re d  u n s u ita b le  b y  h u m an  p re s e n c e . E v e n  w h en  ju v e n ile s  
a p p ro a c h e d  f le d g in g , b ro o d s  s t i l l  a c t iv e ly  av o id e d  c o n ta c t w ith  h u m a n s , 
and a re a s  w h ic h  w e r e  r e a d i ly  a c c e s s ib le  to  hum ans re c e iv e d  l i t t l e  use .
B e d ro c k  a re a s  w h ic h  w e r e  a c c e s s ib le  to  hum ans o n ly  b y  
t r a i l  w e r e  used a lm o s t e x c lu s iv e ly  d u rin g  the  la s t  w e e k s  p r io r  to  
f le d g in g . H o w e v e r , s in c e  m o s t o f th e  a re a s  w ith  b e d ro c k  s u b s tra te s  
w e re  a ls o  o n ly  a c c e s s ib le  b y  t r a i l ,  I  w as  u n ab le  to  d e te rm in e  w h e th e r  
b ro o d s  s e le c te d  th o se  a re a s  in  re s p o n s e  to  s u b s tra te  and food a v a i l ­
a b i l i t y  o r  b e c a u s e  th e y  p ro v id e d  s e c lu s io n  f r o m  h u m a n s . K e a r  (1 9 7 2 )  
f e l t  th a t the s e c u r i ty  o f B lu e  D u cks  depended on th e  is o la t io n  of t h e i r  
h a b ita t f r o m  m a n , and B en g ts o n  (1 9 7 2 ) r e p o r te d  th a t lo w e r  b ro o d  
s u r v iv a l  in  so m e a re a s  w as  p ro b a b ly  a t t r ib u ta b le  to  h u m an  d is t u r ­
b an ce .
T h e  C o u rts h ip  and  N e s tin g  S eason
B e h a v io rs . H a r le q u in  D u c k s , b e c a u s e  of t h e ir  un ique  
p re fe re n c e  fo r  tu rb u le n t  s t r e a m s , have  fe w  c o m p e tito rs  d u r in g  the  
b re e d in g  s e aso n . H o w e v e r , th e  s e le c t iv e  ad v an ta g e  of occup y in g  a
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n ic h e  w h ic h  is  in h o s p ita b le  to  o th e r  w a te r fo w l s p e c ie s  r e q u ir e s  a 
n u m b e r  of a d a p ta tio n s  to  e n a b le  e f f ic ie n t  use of a v a ila b le  re s o u rc e s .  
S p e c ia liz a t io n s  in  fe e d in g  and lo c o m o tio n  a r e  a p p a re n t.
M a n y  m o u n ta in  s t re a m s  a r e  c o m p a r a t iv e ly  in f e r t i le ,  and  
B en g ts o n  .{1966, 1 9 72 ) f e l t  th a t food  a v a i la b i l i t y  w as  th e  m o s t 
im p o r ta n t  fa c to r  l im it in g  b re e d in g  p o p u la tio n s  of H a r le q u in s . C le a n , 
w e ll-o x y g e n a te d  w a te r s  a r e  ty p ic a l ly  r ic h e r  in  b e n th ic  in v e r te b ra te s  
th a n  s lo w e r  re a c h e s  (H yn es  1 9 7 0 ), and H a r le q u in s  res p o n d  b y  
s e le c tin g  tu rb u le n t  a re a s  f o r  fe e d in g . R e m a r k a b le  d iv in g  a b i l i t y  is  
r e q u is ite  f o r  e f f ic ie n t  fe e d in g  in  th o s e  a r e a s .  D e w a r  (1 9 2 4 ) in  D ow  
(1 9 6 4 ) f e l t  th a t d iv in g  e f f ic ie n c y  co u ld  be m e a s u re d  b y  c o m p a r in g  th e  
t im e  a  du ck  w as  s u b m e rg e d  w ith  th e  a m o u n t o f t im e  i t  sp en t re s t in g  
a t th e  s u r fa c e  b e tw e e n  d iv e s , B en g ts o n  (1 9 6 6 ) co m p u ted  d iv e :p a u s e  
r a t io s  f o r  s e v e r a l  w a te r fo w l s p e c ie s  w h ic h  fe d  on the  R iv e r  L a x a .  
H a r le q u in s , w ith  a  d iv e :p a u s e  r a t io  o f 4 :1 , w e re  c le a r ly  s u p e r io r  to  
o th e r  s p e c ie s  w h ic h  o c c a s io n a lly  o c cu p ie d  s t re a m  h a b ita ts ; B a r r o w 's  
G o ld e n e y e , the w a te r fo w l s p e c ie s  w h ic h  c o m p e te s  m o s t c lo s e ly  w ith  
H a r le q u in s  on M c D o n a ld  C r e e k ,  w a s  m u c h  le s s  e f f ic ie n t ,  w ith  a  
d iv e :p au se  r a t io  o f o n ly  1 .9 :1 .
T h e  a b i l i t y  to use s e v e r a l  d i f fe r e n t  fo ra g in g  m eth o d s  fu r t h e r  
in c re a s e s  th e  H a r le q u in s ' p o te n t ia l  f o r  e f f ic ie n t  e x p lo ita t io n  o f th e  
a v a ila b le  fo od  r e s o u r c e .  T h is  f le x ib i l i t y  e n a b le s  H a r le q u in s  to  
res p o n d  not o n ly  to  d if fe re n c e s  in  s t r e a m  h a b ita ts  e n c o u n te re d , bu t
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a ls o  to  s e a s o n a l f lu c tu a tio n s  in  in s e c t abundance and changes in  
s t r e a m  c o n d itio n s .
Johns g a r  d (1 9 6 6 ) re g a rd e d  th e  W h ite -c a p p e d  D ip p e r  (C in c lu s  
le u c o c e p h a lu s ) o f South A m e r ic a  as a food c o m p e tito r  of T o r r e n t  
D u c k s . O n M c D o n a ld  C r e e k ,  H a r le q u in  D u c ks  and D ip p e rs  a ls o  
fre q u e n te d  the s a m e  h a b ita ts ; D ip p e rs  p ro b a b ly  o c c u r  on m o s t  
s tre a m s  w h e re  H a r le q u in s  b re e d . M itc h e l l  (1 9 6 8 ) re p o r te d  th a t  
D ip p e rs  o ccu p y in g  a  w e s te rn  M o n ta n a  s t re a m  fe d  p r im a r i l y  on th e  
la r v a e  o f T r ic h o p te r a ,  P le c o p te r a , E p h e m e ro p te ra , and D ip te r a .  On  
M c D o n a ld  C r e e k  H a r le q u in s  and D ip p e rs  p ro b a b ly  c o m p e te  f o r  food  
to  so m e e x te n t, though s e le c t io n  of p r e y  ite m s  of d if fe r e n t  s iz e s  m a y  
re d u c e  d ir e c t  c o m p e tit io n .
Som e o b s e rv e rs  h ave  s p e c u la te d  c o n c e rn in g  th e  am o u n t of 
e n e rg y  expended b y  w a te r fo w l d iv in g  in  m o v in g  w a te r .  T y p ic a l ly  
th o se  a u th o rs  use th e  t im e  s u b m e rg e d  and  th e  c u r r e n t  sp eed  a t the  
s u rfa c e  to  c a lc u la te  th e  d is ta n c e  th e  du ck  w o u ld  have  to  s w im  to  
m a in ta in  its  p o s it io n  r e la t iv e  to  th e  s tre a m b a n k . A s Johns g a r  d (1 9 6 6 )  
s ta te d , h o w e v e r , th o s e  c o m p u ta tio n s  do not a c c u r a te ly  r e p re s e n t  the  
e f fo r t  expended  d u r in g  fe e d in g . F r ic t io n  b e tw e e n  the  s u b s tra te  and  
the  w a te r  ca u se  c u r r e n t  v e lo c i ty  to  b e  a lm o s t in v e r s e ly  p ro p o r t io n a l  
to  the  lo g  of th e  d ep th  (H y n e s  1 9 7 0 ). A ls o , i r r e g u la r i t ie s  in  the  
s u b s tra te  fu r t h e r  in c re a s e  re s is ta n c e  to  f lo w  so th a t in  m o s t s t re a m s  
th e re  is  a b o u n d a ry  la y e r  n e a r  th e  s u b s tra te  w h e re  c u r r e n t  v e lo c ity
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a p p ro a c h e s  z e r o . D iv in g  H a r le q u in s  descend  d i r e c t ly  to  th e  b o tto m  
b e fo re  fe e d in g  o r  m o v in g  u p s tre a m , and a lth o u g h  th e y  a r e  too  la r g e  
to  o ccu p y  th e  b o u n d a ry  zo n e , m u c h  le s s  e n e rg y  is  re q u ire d  th a n  w o u ld  
be n e c e s s a ry  to  h o ld  t h e ir  p o s it io n  a t th e  s u r fa c e . U n d e rw a te r  p r o ­
p u ls io n  is  p ro v id e d  e n t i r e ly  b y  co n s ta n t p a d d lin g  o f the  fe e t ,  and  
M ic h a e l and M ic h a e l ’s (1 9 2 2 ) and B e n g ts o n 's  (1 9 6 6 ) d e s c r ip t io n  of 
w a lk in g  d ip p e r - l ik e  on th e  b o tto m  s e e m s  u n te n a b le .
H a r le q u in s  f u r t h e r  re d u c e  fe e d in g  e f fo r t  b y  s e le c tin g  fe e d in g  
s ite s  in  s tre tc h e s  of c r e e k  w h ic h  c o n ta in  n u m e ro u s  e m e rg e n t and  
p a r t ia l ly  s u b m e rg e d  b o u ld e rs . C u r r e n t  s tre n g th  is  re d u c e d  and in s e c t  
abundance in c re a s e d  in  p o o ls  and ed d ies  on th e  le e  s id e  o f such  
b o u ld e rs ; fu r t h e r m o r e ,  th e  ro c k s  p ro v id e  p r e f e r r e d  lo a fin g  s ite s .  
M id s tr e a m  lo a fin g  s ite s  s e e m  to  be s e le c te d  b e c a u s e  th e y  o f fe r  
u n o b scu red  v is io n  o f s u rro u n d in g  a re a s  and p re c lu d e  un d etec ted  
a p p ro a c h  b y  t e r r e s t r i a l  p r e d a to rs .
L o c o m o to ry  p a tte rn s  e m p lo y e d  b y  H a r le q u in s  a ls o  a r e  
c lo s e ly  a ttu n ed  to  th e  h a b ita t  th e y  occu p y . D o w n s tre a m  t r a v e l  is 
e x tr e m e ly  e n e rg y  e f f ic ie n t  s in c e  ducks depend a lm o s t e n t i r e ly  on th e  
m o v e m e n t o f th e  c u r r e n t  to  p ro p e l th e m . W h en  t r a v e lin g  u p s tre a m .  
H a rle q u in s  re d u c e  t h e i r  e f fo r t  b y  s ta y in g  in  s la c k  a re a s  n e a r  s t r e a m  
edges o r  u s in g  e d d ie s  an d  r e v e r s e  c u r r e n ts  to  a s s is t  in  m o v in g  
u p s tre a m . T h e  T o r r e n t  D u c k  has a ls o  e v o lv e d  a dependence
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on s t r e a m  c u rre n ts  f o r  lo c o m o tio n . Johns g a r  d (1 9 6 6 ) and M o ffe t t  
(1 9 7 0 ) r e p o r te d  th a t , l ik e  H a r le q u in  D u c k s , T o r r e n t  D ucks  r a r e ly  
f le w , b u t f lo a te d  d o w n s tre a m  and s w a m  u p s tre a m , m a k in g  use of 
ed d ies  and poo ls  and s c o o tin g  o v e r  the s u r fa c e  w h e re  w a te r  w as  
e x t r e m e ly  tu rb u le n t.
T o r r e n t  D u c k s  a ls o  e x h ib it  an  escap e  re a c t io n  w h ic h  is  
c o m p a ra b le  to  th a t o f th e  H a r le q u in  D u c k  (J o h n sg a rd  1 9 6 6 ). T h a t  
e v a s iv e  ta c t ic  is  p ro b a b ly  ad van tag eo u s  fo r  s e v e r a l re a s o n s . A t  the  
a p p ro a c h  o f a  p o te n t ia l p r e d a to r ,  ducks a r e  a b le  to  f le e  q u ic k ly  w ith  
a m in im a l e x p e n d itu re  of e n e rg y , and g e n e r a l ly  m o v in g  d o w n s tre a m  a 
s h o r t  d is ta n c e  is  s u f f ic ie n t  to  re m o v e  th e  th re a t  o f p re d a tio n . I f  th e  
th re a t  p e rs is ts  o r  a  p r e d a to r  s ta r t le s  a H a r le q u in , th e  duck m a y  e ith e r  
d ive  and escap e  u n d e r w a te r  o r  f ly .  A t an  e a r ly  age young o f bo th  
T o r r e n t  D ucks  and H a r le q u in  D u c k s  d e v e lo p e d  d o w n s tre a m  m o v e m e n t  
as an e s cap e  re a c t io n .
T h e  b e h a v io r  o f H a r le q u in s  d u rin g  w in te r  p ro v id e s  e v id e n c e  
th a t th is  escap e  r e a c t io n  and  th e  re lu c ta n c e  to  f ly  a r e  r e la te d  to  use of 
ru n n in g  w a te r ;  w h e n  a t  s e a  H a r le q u in  D u c ks  f le w  r e a d i ly  (B en g tso n  
1966, G u dm und sso n  1 9 7 1 ). In  th a t h a b ita t . H a r le q u in s  cannot r e ly  on 
c u rre n ts  to  c a r r y  th e m  s a fe ly  out o f r e a c h  o f p o te n tia l p re d a to rs  and  
m u st r e s o r t  to  f l ig h t  to  m o v e  q u ic k ly  f r o m  one a r e a  to  a n o th e r . 
H a r le q u in  D u c ks  te n d e d  to  f l y  m o re  im m e d ia te ly  a f te r  a r r i v a l  on the  
b re e d in g  grou nd s and  b e fo r e  d e p a r tu re  f o r  w in te r in g  a re a s  (B en g tso n
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1 9 6 6 , and in fo rm a tio n  f r o m  m y  s tu d y ). T h is  b e h a v io r  is  p ro b a b ly  
ad van tag eo u s  w h en  ducks f i r s t  a r r iv e  b e ca u se  th e y  can  e x p lo re  the  
b re e d in g  g rou nd s and d is p e rs e  q u ic k ly . In c re a s e d  f l ig h t  b e fo re  and  
a f t e r  m ig ra t io n s  in d ic a te s  th a t f l ig h t  is  p ro b a b ly  used  m o re  d u rin g  
m ig r a t o r y  m o v e m e n ts  th an  a t th e  b re e d in g  g ro u n d s .
T h e  p a tte rn  o f f ly in g  n e a r  th e  w a te r  and fo llo w in g  e v e r y  
i r r e g u l a r i t y  in  th e  s t r e a m 's  c o u rs e  m a y  be an  a d a p ta tio n  to  th e  
h a b ita t  s in c e  th a t p a t te r n  is  ty p ic a l  o f s e v e r a l  b ird s  occupying  ru n n in g  
w a te r  e n v iro n m e n ts , in c lu d in g  D ip p e rs , S potted  S an d p ip e rs  <A c t i t is  
m a c u la r ia ), and T o r r e n t  D u c ks  (M o ffe t t  1 9 7 0 ).
A t  th e  b re e d in g  g ro u n d s . H a r le q u in s  a r e  not g re g a r io u s  and  
u s u a lly  o c c u r  s in g ly  o r  in  p a ir s .  Johns g a r  d (196 6) in d ic a te d  th a t the  
s o l i ta r y  n a tu re  o f T o r r e n t  D u c ks  m a y  r e s u lt  f r o m  fo od  l im ita t io n s .
E r s k in e  (1 9 7 1 ) fo und  th a t the  b e h a v io r  o f B u ffle h e a d  p a irs  
v a r ie d  depen d in g  on th e  d e g re e  o f c o n c e n tra t io n . G e n e r a l ly  he 
o b s e rv e d  c o n flic ts  o n ly  w h en  th e  m a le  w as  a c c o m p a n y in g  h is  m a te , 
and on la r g e  la k e s  a f t e r  th e  c o n flic ts  a s s o c ia te d  w ith  in i t ia l  s p a c in g , 
th e re  w as  l i t t l e  a p p a re n t a g g re s s io n  b e tw e e n  b re e d in g  p a ir s .  B u f f le ­
head p a ir s ,  he f e l t ,  r e q u ir e d  s o m e  d e g re e  o f is o la t io n . W h e n  in  a 
r e s t r ic te d  a r e a ,  th is  r e q u ir e m e n t  re s u lte d  in  a g g re s s iv e  b e h a v io r  
s im i la r  to  t r u e  t e r r i t o r i a l  d e fe n s e .
H a r le q u in  p a ir s  on M c D o n a ld  C r e e k  w e r e  s o l i t a r y  th ro u g h o u t  
the  b re e d in g  seaso n ; m u tu a l in to le ra n c e  re s u lte d  in  f a i r l y  u n ifo rm
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s p a c in g  of b re e d in g  p a ir s  a lo n g  the  s tu d y  a r e a .  M e n d a ll (1 9 5 8 ) fe l t  
th a t the  p s y c h o lo g ic a l re q u ire m e n t  fo r  is o la t io n  m a y  s ig n if ic a n t ly  
a f fe c t  th e  b re e d in g  d e n s ity  o f w a te r fo w l.  H a r le q u in  p a irs  o ccu p ied  a  
1 to  2 k m  s t re tc h  o f c r e e k  w h ic h  th e y  w e re  re lu c ta n t  to le a v e , though  
co ntiguo us ho m e ra n g e s  o fte n  o v e r la p p e d  c o n s id e ra b ly  and m o re  th an  
one p a i r  s o m e tim e s  fre q u e n te d  p r e f e r r e d  fe e d in g  s ite s  s im u lta n e o u s ly .  
M u tu a l a v o id a n c e  g e n e r a l ly  p ro v id e d  th e  d e g re e  of is o la t io n  n e c e s s a ry ,  
and o n ly  w h en  in  c lo s e  c o n ta c t d id  p a irs  in te r a c t  a g g re s s iv e ly .  
B en g ts o n  (1 9 6 6 ) o r ig in a l ly  d e s c r ib e d  b re e d in g  p a irs  as b e in g  t e r r i ­
t o r ia l .  H e  la t e r  (1 9 7 2 ) co n c lu d ed  th a t th e ir  s i te - te n a c ity  had c re a te d  
a fa ls e  im p re s s io n  of t e r r i t o r i a l i t y  and th a t the m a le  o n ly  m a in ta in e d  
a m a te d - fe m a le  d e fe n s e . T h o u g h  p a ir s  on M c D o n a ld  C re e k  w e re  
fa ith fu l to  a  s e c tio n  of c r e e k , I  o b s e rv e d  no e v id e n c e  of t ru e  t e r r i ­
t o r ia l i t y .  L a t e - a r r iv in g  p a ir s  w e r e  u s u a lly  a b le  to  e s ta b lis h  a  ho m e  
ra n g e  and  in  1976 th e  tw o  la t e - a r r iv in g  p a irs  c o n ta in in g  know n 2 - y e a r -  
old  fe m a le s  s u p e r im p o s e d  t h e i r  h o m e  ra n g e s  upon th ose of p a irs  
w h ich  had been  e s ta b lis h e d  f o r  s e v e r a l  w e e k s .
Th ou gh  u n p a ire d  m a le s  te n d e d  to  o c c u r  s in g ly , th e y  w e r e  the  
m ost s o c ia b le  c la s s . L o o s e  a s s o c ia tio n s  b e tw e e n  b a c h e lo r  d ra k e s  
c o n tin u a lly  fo rm e d  and d is in te g ra te d  as  th o se  ducks t r a v e le d  a lo ng  
the  study  a r e a .
In  Ic e la n d  u n u s u a lly  dense p o p u la tio n s  o f b re e d in g  H a r le q u in s  
o c cu r a t th e  o u tle ts  o f s o m e  la k e s  w h e re  fo o d  is  e x t r e m e ly  ab u n dan t.
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S om e m e m b e rs  o f th o s e  p o p u la tio n s  a r e  h ig h ly  s o c ia b le  and fo r m  
" c lu b s "  c o n ta in in g  40 to  50 b ird s  a t fa v o re d  fe e d in g  and lo a fin g  s ite s  
(B e n g ts o n  1 9 6 6 ). C lu b  m e m b e rs , o ften  s in g le  m a le s  and s in g le  
fe m a le s ,  lo a f  and fe e d  in  c lo s e  p r o x im ity -  I  o b s e rv e d  no a g g re g a tio n s  
o f th a t ty p e  on M c D o n a ld  C re e k . T h e  s p a rs e  d is tr ib u t io n  of 
H a r le q u in s  on M c D o n a ld  C r e e k  a p p a re n t ly  re s u lte d  in  a n o n b re e d in g  
s u rp lu s  w h ic h  w as  lo w e r  th an  th a t re p o r te d  in  Ic e la n d ; am ong  
b re e d in g  p a ir s ,  s o l i t a r y  h a b its  p ro b a b ly  fa v o r  s u c c e s s fu l b re e d in g .  
O n ly  in  la te  June w h en  a l l  m a le s  and m o s t n o n b re e d in g  o r  f a i le d -  
b re e d in g  fe m a le s  p re p a r e d  to  m ig r a te  d id  ducks on th e  s tu d y  a r e a  
te n d  to  c o n g re g a te . T h e n  g ro u p s  o f f iv e  to  s ix  m a le s  and fe m a le s  
o ften  fe d  and  t r a v e le d  in  c lo s e  a s s o c ia t io n . T h e  " c lu b s "  d e s c r ib e d  
by  B en g tso n  (1 9 6 6 ) p ro b a b ly  a r e  s im i la r  in  n a tu re  to  the  s m a ll  g roups  
on M c D o n a ld  C r e e k  and  th e  la r g e  s iz e  of c lubs m e r e ly  r e f le c ts  the  
tre m e n d o u s  d e n s ity  and  g r e a t e r  fre q u e n c y  o f n o n b re e d in g  b ird s  am on g  
Ic e la n d ic  p o p u la tio n s .
H a r le q u in  d is p la y s  h a v e  b een  d is c u s s e d  b r ie f ly  b y  v a r io u s  
b io lo g is ts  (B e n g ts o n  1 9 6 6 , J o h n s g a rd  19 65 , M y re s  1959); a l l  a g re e  
th a t H a r le q u in s  p o s s e s s  fe w  r i t u a l iz e d  b e h a v io rs .
T h e  p a u c ity  o f v is u a l  d is p la y s  m a y  be c o r r e la te d  w ith  
a n c e s tra l d iv e rg e n c e  f r o m  o th e r  fo r m s  (B e n g ts o n  19 66 , M y r e s  1 9 5 9 ), 
but i t  is l ik e ly  th a t  th e  n a tu re  o f th e  b re e d in g  h a b ita t  is as im p o r ta n t  
as s y s te m a tic  is o la t io n . E la b o r a te  p o s tu r in g  m a y  be im p o s s ib le  in
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fa s t  c u r re n ts  and i t  is  n o te w o rth y  th a t the p re c o p u la to ry  seq u e n ce , 
w h ic h  co n ta in s  th e  g r e a te s t  n u m b e r o f s te re o ty p e d  v is u a l d is p la y s ,  
a lm o s t  a lw a y s  o c c u rs  in  ponds o r  o th e r  c a lm  s tre tc h e s . H e a d -n o d d in g  
is  th e  m o s t p re v a le n t  d is p la y  and i t  o c c u rs  in  a v a r ie ty  of s itu a tio n s  
(B e n g ts o n  1 966 , M y re s  1959); i t  s e rv e s  as a g re e t in g , an e x p re s s io n  
o f m ild  a la r m ,  a lo w  in te n s ity  th r e a t ,  a p a ir -m a in ta in in g  d is p la y , and  
a p r e c o p u la to ry  d is p la y . H e a d -n o d d in g  d e ve lo p s  a t an  e a r ly  age and  
s e rv e s  to  r e in fo r c e  s o c ia l bonds am o n g  b ro o d  m e m b e rs .
V o c a liz a t io n  a p p e a rs  to  be  im p o rta n t  and th e  H a r le q u in  
r e p e r t o ir e  of c a lls  m a y  to  s o m e  e x te n t r e p la c e  v is u a l r e le a s e r s  
(B en g tso n  1 9 6 6 ). H a r le q u in  v o c a liz a t io n s  a r e  a u d ib le  above th e  sound  
of th e  c r e e k  an d  m e m b e rs  o f th e  s p e c ie s  s e e m  to  po ssess  acu te  
a u d ito ry  s e n s e s . H a r le q u in s  a r e  c a p a b le  of d e te c tin g  m a n y  sounds, 
in c lu d in g  th e  a p p ro a c h  of t e r r e s t r i a l  m a m m a ls , even  w hen th e  ducks  
a r e  s it t in g  on ro c k s  in  th e  m id s t  o f fo a m in g  ra p id s .
In c it in g  b y  fe m a le  H a r le q u in s  w as d e s c r ib e d  b y  B en g tso n  
(1 9 6 6 ). I  o b s e rv e d  the  s a m e  p o s tu r in g  d e s c r ib e d , bu t I  d id  not fe e l  
th a t In c it in g  w as as  r i t u a l iz e d  as B e n g ts o n 's  d e s c r ip t io n . I  d id  not 
o b s e rv e  th e  h e a d - tu r n in g  he d e s c r ib e d , and th e  In c it in g  b e h a v io r  
s e em ed  m o re  l ik e  th r e a t  o r  in te n tio n  m o v e m e n ts  of a tta c k  and in d eed  
o ften  le d  d i r e c t ly  to  a t ta c k . F e m a le s  ty p ic a l ly  in te rs p e rs e d  In c it in g  
d is p la y s  w ith  s h o r t  ru s h e s  to w a rd  th e  m a te , d u r in g  w h ic h  bo th  p a ir  
m e m b e rs  d is p la y e d  C h in - l i f t in g  and H e a d -n o d d in g  as p a ir  m a in ta in in g
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b e h a v io rs .
C o u rts h ip  a c t iv i t ie s  co n tin u e d  a f t e r  b re e d in g  b ird s  a r r iv e d  
on M c D o n a ld  C r e e k .  C o u rts h ip  b e h a v io rs  b e tw e e n  m e m b e rs  o f a p a ir  
p ro b a b ly  fu n c tio n e d  o n ly  to  r e in fo r c e  the  p a i r  bond , and I  w as  a b le  to  
o b s e rv e  p a i r - f o r m in g  b e h a v io rs  o n ly  w hen  b a c h e lo r  m a le s  w e re  
p re s e n t and c o u r t in g  p a ir e d  fe m a le s . T h e  w id e -r a n g in g  t r a v e l  of 
s in g le  m a le s  p ro b a b ly  a c te d  to  in c re a s e  the fre q u e n c y  of co n ta c t w ith  
p o te n tia l m a te s . U s u a lly  a tte m p ts  b y  s u rp lu s  m a le s  to  o b ta in  m a te s  
b y  c o u r t in g  p a ire d  fe m a le s  w e r e  s h o r t  and in c o n c lu s iv e . F ig h ts  
o c c u r re d  o n ly  w h en  c o u r tin g  m a le s  w e r e  h ig h ly  m o tiv a te d . O ne  
m a rk e d  m a le  w as  u n u s u a lly  a g g re s s iv e  and r e s o r te d  to  f ig h tin g  w ith  
one o r  bo th  p a ir  m e m b e rs  n e a r ly  e v e r y  t im e  he in te ra c te d  w ith  a p a i r .  
A b n o rm a l a g g re s s iv e  te n d e n c ie s  m a y  h a v e  b e en  the re a s o n  th a t  
p a r t ic u la r  m a le  w as  u n p a ire d  in  tw o  c o n s e c u tiv e  b re e d in g  s e as o n s . 
E rs k in e  (1 9 7 1 ) f e l t  th a t in  B u ff le h e a d s , m u tu a l re c o g n it io n  b y  p a ir  
m e m b e rs  re d u c e d  u n p ro f ita b le  c o u r ts h ip , b u t he c o n c u rre d  w ith  
W e lle r  (1 9 6 5 ) th a t c o u r ts h ip  in te ra c t io n s  w ith  a g g re s s iv e  o u ts id e  
m a le s  m a y  be im p o r ta n t  in  te s tin g  p a ir  bonds.
D u r in g  a g g re s s iv e  in te r a c t io n s , ducks s e e m e d  a w a re  of 
th e ir  p o s itio n s  r e la t iv e  to  th o se  of o th e r  d u ck s , even  w h ile  d iv in g . 
B engtson  (1 9 6 6 ) n e v e r  o b s e rv e d  u n d e rw a te r  a tta c k s ; s e v e r a l t im e s ,  
in  b a c k w a te rs , I  o b s e rv e d  p a ir e d  m a le s  a tta c k in g  in tru d in g  m a le s  
f r o m  u n d e rw a te r . P a i r e d  m a le s  w e r e  o fte n  a g g re s s iv e  to w a rd  th e ir
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m a te s  d u r in g  o r  a f t e r  a g g re s s iv e  e n c o u n te rs  w ith  o th e r  ducks . M y re s  
(1 9 5 9 ) c o n s id e re d  th e  h ig h  le v e l  of a g g re s s io n  b e tw e e n  p a ire d  
H a r le q u in s  a  r e s u lt  o f the  ab sen ce  o f o th e r  v is u a l d is p la y s .
C o u rts h ip  f l ig h ts  w e re  not o b s e rv e d  and p ro b a b ly  o c c u r  
p r i m a r i l y  a t se a  w h en  p a ir  fo rm a t io n  is  in  e a r ly  s ta g e s . O c c a s io n a lly  
in  la te  June w h en  u n e s c o rte d  fe m a le s  b e c a m e  m o re  n u m e ro u s , 
a g g re s s iv e  c o u rts h ip  b y  s e v e r a l  u n p a ire d  m a le s  caused  a fe m a le  to  
f le e ,  and p u rs u it  f l ig h ts  ensued .
M o s t t r a d it io n a l  id e as  c o n c e rn in g  th e  s y s te m a tic s  and  
p h y lo g en y  o f th e  A n a tid a e  a r e  b a s e d  p r im a r i l y  on m o rp h o lo g ic a l  
c h a r a c te r is t ic s .  H o w e v e r , s e v e r a l  r e c e n t  in v e s tig a to rs  (D e la c o u r  
and M a y r  1945; J o h n s g a rd  1960 , 1 9 6 2 , 1964; M y re s  1959) have  used  
b e h a v io ra l e le m e n ts  as ta x o n o m ic  c r i t e r ia  am on g w a te r fo w l. Som e  
in n a te  b e h a v io ra l p a t te rn s , p a r t ic u la r ly  th ose  c o m p r is in g  the  
c o p u la to ry  s e q u e n c e , a r e  h ig h ly  c o n s e rv a t iv e  and th e r e fo re  v a l id  
in d ic a to rs  o f s y s te m a tic  a f f in i t ie s ,  e s p e c ia lly  a t th e  g e n e r ic  and t r ib a l  
le v e ls  (D e la c o u r  and  M a y r  1 9 4 5 ). T h e  p h y lo g e n e tic  p o s itio n s  of 
s e v e ra l s e a  ducks a r e  u n c e r ta in . M y re s  (1 9 5 9 ) d iscu sse d  b e h a v io rs  
of n ine  s p e c ie s  o f s e a  du cks in  an a t te m p t to  c la r i f y  th e ir  s y s te m a tic  
re la t io n s h ip s . H e  had l i t t l e  s u cc e ss  in  p la c in g  th e  m o n o ty p ic  genus  
H is tr io n ic u s . J o h n s g a rd  (1 9 6 0 ) , in  a  s tu d y  o f c la s s if ic a t io n  and  
e v o lu tio n a ry  re la t io n s h ip s  o f s e a  d u cks , o b s e rv e d  b e h a v io rs  in  a l l  
g e n era  e x ce p t H is t r io n ic u s .
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F e w  p u b lis h e d  re c o rd s  o f c o p u la to ry  b e h a v io rs  of the  
H a r le q u in  D u c k  e x is t .  B en g ts o n  (1 9 6 6 ) p ro v id e d  a  g e n e ra l d e s c r ip t io n  
f r o m  " f iv e  m o re  o r  le s s  c o m p le te d "  and s e v e r a l  o th e r  in c o m p le te  
c o p u la tio n s . T w o  o th e r  p u b lis h e d  d e s c r ip tio n s , each  of s in g le  c o p u la ­
tio n s  (M ic h a e l and M ic h a e l 19 22 , P e a r s e  1 9 4 5 ), and one u n p u b lish ed  
ac co u n t (R . Y .  E d w a rd s  in  M y re s  19 59 ) c o m p ris e  the  re m a in in g  
l i t e r a t u r e .
I  re c o rd e d  a  n u m b e r  o f d is p la y s , p re v io u s ly  unknow n in  
H a r le q u in s , w h ic h  a r e  s im i la r  to  d is p la y s  w h ic h  have  b e en  used as 
e th o lo g ic a l e v id e n c e  o f a f f in i t ie s  am o n g  o th e r  M e r g in i .  M a n y  of the  
p re c o p u la to ry  an d  c o p u la to ry  d is p la y s  of H a r le q u in s  a r e  c o m p a ra b le  
to  th o se  found in  th e  G o ld e n e y e  c o m p le x . Th ou gh  I  la c k  s u ff ic ie n t  
d a ta , b o th  b e h a v io r a l and m o rp h o lo g ic a l, the  p re s e n c e  of d is p la y s  
c o m m o n  to  G o ld e n ey e s  su gg ests  th e  p o s s ib i l i ty  th a t H a r le q u in s  a r e  
m o re  c lo s e ly  r e la te d  to  th e  G o ld e n e y e  c o m p le x  th an  p re v io u s ly  
b e lie v e d .
T h e  n e s tin g  p e r io d . Soon a f t e r  p a irs  e s ta b lis h  s e a s o n a l 
hom e ra n g e s , th e  fe m a le s  b e g in  s e a rc h in g  fo r  n e s t s ite s . Th ough  I  
did  not lo c a te  n e s ts , on s e v e r a l  o c ca s io n s  I  o b s e rv e d  fe m a le s  
d is a p p e a rin g  am o n g  s h o r e lin e  v e g e ta t io n  w h ile  th e ir  m a te s  re m a in e d  
in  the w a te r ,  a le r t  an d  w a r y .  B en g ts o n  (1 9 6 6 ) re p o r te d  th a t m a le s  
often  a c c o m p a n ie d  t h e i r  m a te s  w h ile  th e  fe m a le s  s e a rc h e d  the
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s h o r e lin e  f o r  o v e r  an h o u r . S ince  H a r le q u in s  b e g in  b re e d in g  la t e r  
th a n  m a n y  o th e r  w a te r fo w l s p e c ie s , th e  a b i l i t y  to  e s ta b lis h  a ho m e  
ra n g e  and  lo c a te  a n e s t s ite  q u ic k ly  is  im p o r ta n t . E a r ly  p a ir  f o r ­
m a tio n  p ro b a b ly  in s u re s  th a t p a ir s  a r e  p h y s io lo g ic a lly  p re d is p o s e d  to  
b e g in  b re e d in g  a c t iv i t ie s  as soon as th e y  a r r iv e  a t th e  b re e d in g  
g ro u n d s . O ld e r  fe m a le s  w h ic h  know  an  a r e a  and have  had m o re  
e x p e r ie n c e  in  lo c a tin g  s u ita b le  n e s t s ite s  p ro b a b ly  have  an a d va n tag e . 
T h o s e  ducks w h ic h  a r r iv e  la t e r  in  M a y  a r e  q u ite  l ik e ly  le s s  s u c c e s s fu l 
in  b re e d in g  b e c au se  p r e f e r r e d  a re a s  m a y  a lr e a d y  be o ccu p ied  and  
th o se  ducks h ave  le s s  t im e  to  s e le c t  n e s t s ite s . J o h n s g a rd  (1 9 7 3 )  
s ta te d  th a t , in  g e n e r a l ,  la te -h a tc h e d  w a te r fo w l b ro o d s  a re  le s s  l ik e ly  
to  s u rv iv e  th an  th o s e  h a tc h in g  e a r ly .  In  1976 th e  la te  a r r i v a l  o f tw o  
k n o w n -a g e d  fe m a le s  w h ic h  w e r e  b re e d in g  f o r  th e  f i r s t  t im e  in d ic a te d  
th a t h o rm o n e  le v e ls  in  th o s e  ducks w h ic h  h ave  ju s t  b e co m e  s e x u a lly  
m a tu re  m a y  be r e ta r d e d  b y  s e v e r a l  w e e k s . Sow ls (1 9 5 5 ) found th a t 
a d u lt P in t a i l  (A n a s  a c u ta ) hens a r r iv e d  on b re e d in g  m a rs h e s  e a r l i e r  
than y e a r lin g s  and  thus h ad  an a d v an ta g e  in  c o m p e tin g  fo r  s p a ce .
T h e  t im in g  o f n e s tin g  in  1974  and 1975 w as  c lo s e ly  
c o r r e la te d  w ith  th e  p e r io d  o f m a x im u m  ru n o ff . T h u s , fe m a le s  w e re  
on th e ir  n es ts  w h en  fo o d  w a s  le a s t  a v a ila b le  due to  e x tre m e  tu r b id ity ,  
h igh  w a te r  le v e ls ,  and  fa s t  c u r r e n t .  Soon a f te r  th e  onset of in c u b a ­
tio n , p a ir  bonds d is in te g r a te d  and m a le s  q u ic k ly  began  to  d e p a rt f r o m  
the s tu d y  a r e a .  T h e  d e p a r tu r e  of m a le s  a ls o  c o in c id e d  w ith  th e  p e r io d
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w h en  fo o d  s u p p lie s  w e r e  b e c o m in g  m o re  s c a rc e  and the  e n e rg y  
r e q u ir e d  to  o b ta in  food w as  g re a te s t .  T h e  t im in g  o f m a le  d e p a r tu re  
p ro b a b ly  ten d s  to  a l le v ia te  food s h o rta g e s  bo th  fo r  in c u b a tin g  fe m a le s  
an d  f o r  e m e rg in g  b ro o d s  (B en g tso n  1 9 7 2 ). H o w e v e r , s in c e  fe w  m a le s  
a r e  p re s e n t  w h en  h ig h  w a te r  s u b s id e s , fe m a le s  w h ic h  lo s e  n es ts  to  
s p r in g  ru n o ff  r a r e l y  h a ve  an o p p o rtu n ity  f o r  a  second n e s tin g . N e s t  
w a sh o u t is  p ro b a b ly  an im p o r ta n t  fa c to r  a ffe c tin g  to ta l p ro d u c tio n , 
p a r t ic u la r ly  w h en  s p r in g  m e lt  is  re ta rd e d .
E r s k in e  (1 9 7 1 ) r e p o r te d  th a t fe m a le  B u ffle h e a d s  tended  to  
s e le c t n e s t s ite s  w h ic h  w e r e  o u ts id e  th e  p a ir 's  t e r r i t o r y .  T h is  m a y  
a ls o  b e  th e  ca se  in  H a r le q u in  D u c ks ; d u rin g  1975 and 1976 a t le a s t  one  
fe m a le  r a is e d  h e r  b ro o d  s e v e r a l  k i lo m e te r s  u p s tre a m  f r o m  th e  p a ir 's  
ho m e ra n g e , in  an  a r e a  w h ic h  n e w ly  h a tc h e d  d u c k lin g s  cou ld  not have  
re a c h e d  by  s w im m in g  f r o m  th e  p a i r 's  h o m e ra n g e . P o s s ib ly  
p r e f e r r e d  n est s ite s  a r e  n e a r  ponds w h e re  w a te r  le v e ls  f lu c tu a te  le s s  
and n e w ly  h a tch e d  d u c k lin g s  can  q u ic k ly  re a c h  th e  r e la t iv e  s a fe ty  of 
b r o o d -r e a r in g  a r e a s .  N e s t in g  a w a y  f r o m  th e  p a ir 's  hom e ra n g e  w o u ld  
a ls o  e l im in a te  th e  p o s s ib i l i t y  th a t, in  a y e a r  o f fo od  s c a r c ity ,  th e  p a ir  
w ould  d e p le te  th e  fo od  s u p p ly  r e q u ire d  b y  the  b ro o d s  fo r  s u r v iv a l  and  
g ro w th .
T h e  B r o o d - r e a r in g  P e r io d
T h e  c h ro n o lo g y  o f b re e d in g  in  m o s t a n im a ls  has e v o lv e d  to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
110
in s u re  the m o s t e f f ic ie n t  r e a r in g  o f young (L a c k  1 9 5 4 ). Th ou gh  
s e v e r a l  fa c to rs  m a y  b e  im p o r ta n t , th e  h a tc h in g  p e r io d  is  g e n e r a l ly  
s y n c h ro n iz e d  w ith  a p e r io d  o f o p tim u m  fo od  a v a i la b i l i t y  fo r  n e w ly  
h a tc h e d  young . B en g ts o n  and U lfs tra n d  (1 9 7 1 ) show ed th a t h a tch in g  
in  Ic e la n d ic  H a r le q u in s  c o rre s p o n d e d  w ith  an in c re a s e  in  the  ab u n ­
dance o f th o se  in s e c t la r v a e  n e c e s s a ry  fo r  the g ro w th  and s u r v iv a l  of 
young. C ro u c h  (p e rs o n a l c o m m u n ic a tio n ) fe l t  th a t in  th e  S ta te  o f 
W a s h in g to n , th e  a v a i la b i l i t y  of b o tto m  o rg a n is m s  In flu e n c e d  the  t im in g  
of b re e d in g  a c t iv i t ie s ,  and  he in d ic a te d  th a t h a tc h in g  m a y  be t im e d  to  
c o rre s p o n d  w ith  in c re a s e d  d a y  le n g th , fa c i l i t a t in g  the s e c u r in g  o f food  
b y  ju v e n ile s . S im i la r ly ,  th e  t im in g  o f h a tc h in g  on M c D o n a ld  C r e e k  
c o in c id e d  w ith  a  p e r io d  o f in c re a s e d  fo od  a v a i la b i l i t y .  B y  th e  t im e  
ju v e n ile s  b e c a m e  m a tu re  enough to  use ru n n in g  w a te r  h a b ita ts , in s e c t  
la r v a e  w e r e  in c re a s in g  bo th  in  s iz e  and ab u n d an ce . O th e r  s u b s id ia ry  
fa c to rs  a ls o  s e e m e d  to  in f lu e n c e  th e  t im in g  of b re e d in g  on M c D o n a ld  
C re e k , B ec au s e  n e s ts  a r e  g e n e r a l ly  lo c a te d  c lo s e  to  w a te r  (B en g tso n  
[1 9 7 2 ] found o n ly  7 o f 98 n e s ts  m o re  than  5 m  f r o m  w a te r )  and  
re n e s tin g  is  in fre q u e n t , n e s t w a s h o u t d u rin g  s p r in g  fre s h e ts  c o n s t i­
tu tes  a p o te n tia l l im i t in g  fa c to r .  K e a r  (1 9 7 2 ) a ls o  found n e s t w asho ut 
to be a  n a tu r a l  h a z a r d  e n c o u n te re d  b y  B lu e  D u c k s . A  s e le c t iv e  
advantage is  c o n fe r r e d  upon th o s e  fe m a le s  w h ic h  d e la y  n e s tin g  u n til  
ru n o ff is  w e l l  u n d e rw a y  b e fo re  s e le c t in g  n e s t s ite s . N e s t s ite s  w e re  
u s u a lly  s e le c te d  d u r in g  th e  l a t t e r  h a lf  o f M a y  w h en  s p r in g  m e lt  had
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a lr e a d y  p ro d u c e d  f a i r l y  h ig h  w a te r  le v e ls ;  in  a v e ra g e  y e a rs , a lth o u g h  
p e a k  r u n o ff  does n o t o c c u r  u n t il  J u n e , w a te r  le v e ls  do not in c re a s e  
m a r k e d ly  a f te r  th e  t h ir d  w e e k  in  M a y .
M y  p re v io u s  d is c u s s io n  su g g es ted  th e  p o s s ib le  ad van tag e  of 
in c u b a tin g  d u rin g  h ig h  w a te r  s in c e  d u rin g  th a t p e r io d , food is  s c a rc e  
and d i f f ic u lt  to  o b ta in . G e n e r a lly ,  b y  the  t im e  b ro o d s  e m e rg e , w a te r  
le v e ls  a r e  r a p id ly  re c e d in g . A lth o u g h  th e  c r e e k  m a y  r e m a in  h ig h  fo r  
s e v e r a l  m o re  w e e k s , o v e r f lo w  in to  th e  ponds v i r t u a l ly  cease s  b y  the  
f i r s t  w e e k  in  J u ly .
D u r in g  y e a rs  o f a v e ra g e  ru n o ff , pond h a b ita ts  p ro v id e d  
co n d itio n s  fa v o r in g  th e  s u r v iv a l  of young. Ponds s e le c te d  b y  fe m a le s  
w ith  b ro o d s  p ro v id e d  ad e q u a te  food  s u p p lie s , s e c lu s io n  f r o m  hum an  
in tru s io n , and  r e la t iv e ly  s a fe  lo a fin g  s ite s  a w a y  f r o m  the s h o re lin e .  
E v e n  though b e n th ic  p r o d u c t iv ity  is  le s s  in  ponds th an  s t re a m s , food  
is  m o re  a v a ila b le  to  young d u c k lin g s  s in c e  th e y  can o b ta in  it  w ith o u t  
d iv ing ; c u r r e n t  is  s la c k  and im a g o e s  f lo a t  on the  s u r fa c e . N u m e ro u s  
snags and exp o sed  ro o ts  w h ic h  p ro tru d e  f r o m  the u n d e rc u t banks a ls o  
p ro v id e  e x c e lle n t  fo ra g in g  s ite s .  B en g tso n  (1 9 7 2 ) found th a t s to m a c h  
s a m p le s  f r o m  ju v e n ile  H a r le q u in s  c o n ta in e d  d is p ro p o r tio n a te  am ou nts  
of ad u lt in s e c ts .
T h e  a m o u n t o f t im e  new  b ro o d s  sp en t in  b a c k w a te rs  w as  
f le x ib le  and depen ded  on th e  c o n d itio n  o f th e  c r e e k . In  1973 w hen  
ru n o ff w as a b n o r m a lly  lo w , e v e n  v e r y  young b ro o d s  sp en t n e a r ly
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40 p e rc e n t  o f th e ir  t im e  u s in g  ru n n in g  w a te r  h a b ita ts . In  1974 and  
e s p e c ia lly  1 9 7 5 , r e ta rd e d  ru n o ff  c re a te d  h a za rd o u s  w a te r  co n d itio n s  
and b ro o d s  av o id e d  th e  c r e e k .  D u r in g  1975 w a te r  le v e ls  w e r e  so  
e x tr e m e  th a t, w e l l  in to  J u ly  c r e e k  o v e r f lo w  in und ated  even  the  m o s t  
is o la te d  ponds. E v e n  in  o p t im a l b r o o d - r e a r in g  h a b ita ts , n e w ly  
h a tc h e d  young e n c o u n te re d  s tro n g  c u r r e n ts ,  lo s s  o f lo a fin g  s ite s , and  
re d u c tio n  o f fo o d  due to  s i l ta t io n  and  h a b ita t w a s h o u t.
T y p ic a l ly ,  a f t e r  3 to  4 w e e k s , b ro o d s  abandoned ponds to  
spend in c re a s in g  a m o u n ts  o f t im e  in  ru n n in g  w a te r .  T h e  s h if t  to  th e  
c r e e k  o c c u r re d  as soon as d u c k lin g s  d e v e lo p e d  enough p ro f ic ie n c y  to  
fe e d  and t r a v e l  e f f ic ie n t ly  in  c u r r e n t .  U se  of s t re a m  h a b ita ts ,  
e s p e c ia lly  b e d ro c k  a re a s  m a y  be n e c e s s ita te d  b y  the  need fo r  r ic h e r  
food  s o u rc e s  to  m e e t the d em ands o f g ro w th  and d e v e lo p m e n t. S a fe ty  
f r o m  t e r r e s t r i a l  p re d a to rs  is  p ro b a b ly  a ls o  enhanced  in  ru n n in g  w a te r  
(J o h n sg a rd  1 9 6 6 ).
A s  b ro o d s  b e g in  fre q u e n tin g  the c re e k , m o v e m e n t is  m o re  
e x te n s iv e  and h o m e  ra n g e s  a r e  q u ic k ly  exp an d ed . B u t, d e s p ite  
in c re a s e d  m o b i l i ty  o f b ro o d s , p h y s ic a l b a r r ie r s  co n tinue  to  r e s t r ic t  
m o v e m e n ts . Im m a tu r e  d u c k lin g s  e a s i ly  m a n e u v e r  d o w n s tre a m  
th ro u g h  tu rb u le n t  a r e a s ,  b u t a r e  u n ab le  to  m o v e  b a c k  u p s tre a m  
th ro ugh  re a c h e s  w ith  la r g e  ra p id s  and w a t e r f a l ls .  T h e r e fo r e ,  ex cep t  
when an a r e a  is  b e in g  ab an d o n ed  e n t i r e ly ,  fe m a le s  do not le a d  young  
in to  e x tr e m e ly  tu rb u le n t  s tre tc h e s  u n t i l  th e y  a p p ro a c h  f le d g in g .
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H o m e  ra n g e  e x p an s io n  a l le v ia te s  c o n g es tio n , re d u c e s  in t e r -  
b ro o d  c o m p e tit io n , and a v o id s  o v e r -e x p lo ita t io n  of th e  ponds' l im ite d  
fo o d  re s o u r c e s . D is p e r s a l  o v e r  a la r g e r  p ro p o r tio n  o f the s tu d y  a r e a  
p ro b a b ly  a ls o  re d u c e s  the  lik e lih o o d  o f a t t ra c t in g  p re d a to rs .
S in ce  b ro o d s  a r e  u n ab le  to  m o v e  u p s tre a m  th ro u g h  the  g o rg e s , 
th e y  c o n tin u a lly  expan d  th e  h o m e  ra n g e  in  a  d o w n s tre a m  d ire c t io n .  
E v e n tu a lly  e a c h  b ro o d  abandons th e  b r o o d - r e a r in g  a r e a  and m o ves  
d o w n s tre a m  to w a rd  th e  m o u th  o f the  c re e k . T h ou gh  i t  m a y  ta k e  p la c e  
o v e r  s e v e r a l  w e e k s , d o w n s tre a m  e x p a n s io n  o f hom e ra n g e  seem s to  
c o n s titu te  th e  b e g in n in g  o f f a l l  m ig r a t io n . In  m o s t b ro o d s  the t im in g  
of d o w n s tre a m  m o v e m e n t w as  c lo s e ly  c o r r e la te d  w ith  the d e v e lo p ­
m e n ta l s tag e  o f th e  ju v e n ile s .  B en g ts o n  (1 9 6 6 ) re p o r te d  th a t so m e  
bro o d s  b e g in  m ig r a to r y  m o v e m e n ts  soon a f te r  h a tc h in g , p re s u m a b ly  
ta k in g  s e v e r a l  w e e k s  to  re a c h  th e  o c ean . I t  w o u ld  s e e m  th a t b ro o d s  
w h ic h  abandon b r o o d - r e a r in g  h a b ita ts  e a r ly  s u f fe r  h ig h e r  m o r ta l i t y  
s in c e  c re e k  l i f e  is  m o r e  h a z a rd o u s  f o r  young d u c k lin g s  th an  l i f e  in  
sec lu d ed  b a c k w a te rs  an d  th e  ju v e n ile s  do not have an  o p p o rtu n ity  to  
beco m e f a m i l i a r  w ith  fe e d in g  a r e a s ,  lo a fin g  s ite s , and escap e ro u te s .
In  1974  s o m e  b ro o d s  on M c D o n a ld  C r e e k  e ith e r  m ig ra te d  
e a r ly  o r  s u ffe re d  to ta l  m o r t a l i t y .  P o s s ib ly  th e  u n usua l c o n c e n tra t io n  
on som e pond c o m p le x e s  c r e a te d  c o n d itio n s  u n fa v o ra b le  fo r  s u r v iv a l  
of young. In  c ro w d e d  a r e a s  I  o b s e rv e d  u n u s u a lly  fre q u e n t in te rb ro o d  
s t r i fe  as b ro o d s  c o m p e te d  f o r  r e s t r ic t e d  fe e d in g  and lo a fin g  s ite s .
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T h e  c o n c e n tra t io n  m a y  a ls o  h ave  a t t ra c te d  p re d a to rs ;  in  one c ro w d e d  
pond a fe m a le  w ith  a b ro o d  of s e v en  w as a p p a re n t ly  k i l le d  b y  an a e r ia l  
p r e d a to r .
In  so m e se a  ducks (E r s k in e  1 9 7 1 ), fe m a le s  abandon th e ir  
young p r io r  to  f le d g in g  and g a th e r  in  m o lt in g  f lo c k s  n e a r  the  b re e d in g  
g ro u n d s . H a r le q u in  D u cks  do not abandon young b ro o d s  and fe m a le  
H a r le q u in s  w e re  n e v e r  o b s e rv e d  m o lt in g  w h ile  on the  b re e d in g  
g ro u n d s . G udm undsson (1 9 7 1 ) re p o r te d  th a t fe m a le  H a r le q u in s  do not 
b e g in  to  m o lt  u n t il  th e y  h ave  le d  th e ir  b ro o d s  to  s e a . T h e  h o s t i l i ty  of 
th e  b r o o d - r e a r in g  e n v iro n m e n t m a x im iz e s  the  im p o rta n c e  of m a te rn a l  
c a re  fo r  s u r v iv a l  of young. D u r in g  e a r ly  w e e k s , ju v e n ile s  depended  
e n t i r e ly  on th e  fe m a le  to  lo c a te  fe e d in g  and lo a fin g  s ite s , to  s e le c t  
s a fe  ro u te s  w hen  t r a v e l in g  on the  c re e k , to  p ro v id e  s h e lte r  a t n ig h t 
and d u rin g  in c le m e n t w e a th e r , and to  g u a rd  the  young and le a d  th e m  
a w a y  f r o m  p o te n tia l p r e d a to rs . T h e  fe m a le 's  im p o rta n c e  in in s u r in g  
s u r v iv a l  o f young w a s  i l lu s t r a te d  b y  th e  fa te  of the ju v e n ile s  in  th e  
o rp h a n e d  b ro o d . W ith in  h o u rs  a f t e r  th e  lo ss  of the  fe m a le , g ro u p  
c o h es io n  d is in te g ra te d ;  th e  ducks spent le s s  t im e  fe e d in g  and re s t in g  
and m o re  t im e  t r a v e l in g .  Though th e y  fre q u e n te d  the s a m e  a re a s  as 
w h en  a c c o m p a n ie d  b y  the  fe m a le ,  th e  n u m b e r of o rp h an s  re m a in in g  
d ro p p e d  s te a d ily . W ith in  1 w e e k  a l l  bu t one d u c k lin g  had p re s u m a b ly  
p e r is h e d . T h e  d u c k lin g  w h ic h  re m a in e d  a f te r  1 w e e k  s u rv iv e d  to  
f le d g in g  and  re tu rn e d  as a p a ire d  fe m a le  in  1 9 76 .
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F e m a le s  r e a d i ly  d e fen ded  th e ir  b ro o d s  a g a in s t o th e r  w a t e r ­
fo w l w h ic h  ap p ro a c h e d ; I  o b s e rv e d  fe m a le  H a r le q u in s  w ith  b roods  
a tta c k in g  fe m a le  G o ld e n e y e s  and fe m a le  M a l la r d s  as w e l l  as o th e r  
fe m a le  H a r le q u in  D u c k s . B ro o d in g  fe m a le s  le d  the  young a w a y  f r o m  
p o te n tia l p re d a to rs  and i f  s ta r t le d  a t c lo s e  ra n g e , th ra s h e d  and  
fla p p e d  o v e r  th e  w a te r  w h ile  e s c o r t in g  th e  b ro o d  to  a s a fe r  a r e a .  
P re d a t io n  o f a  d u c k lin g  b y  a t e r r e s t r i a l  p r e d a to r ,  p re s u m a b ly  a m in k  
(M u s te la  v is o n ), w as  o b s e rv e d  on one o c c a s io n . T h e  b ro o d  w as  
fe e d in g  in  a s h a llo w  in le t  o ff the  s id e  o f th e  m a in  pond and s e v e r a l  
ju v e n ile s  w e r e  out o f s ig h t . S u d d en ly  w ith  lo ud  v o c a liz a t io n , the  
fe m a le  ru s h e d  and f la p p e d  a w a y  f r o m  th e  s h o re lin e , h o v e r in g  above  
h e r  young and h e rd in g  th e m  ah ead  of h e r .  O ne d u c k lin g  w as ab sen t 
f r o m  the g ro u p , and  as soon as th e  fe m a le  le d  the r e m a in d e r  to  a s a fe  
p o s it io n  n e a r  th e  o p p o s ite  b a n k , sh e  r e tu rn e d  to  th e  s ite  o f the  a t ta c k .  
S e v e ra l t im e s  she a p p ro a c h e d  th e  s h o re  w a tc h in g  w a r i ly  and  
v o c a liz in g . F in a l ly  a f t e r  20  m in u te s , she re tu rn e d  to  h e r  b ro o d  and  
le d  th e m  q u ic k ly  f r o m  th e  pond. In v e s t ig a t io n  of the  s ite  re v e a le d  
m in k  tra c k s  a t th e  w a t e r 's  e d g e , b u t no s ig n  of a s tru g g le  o r  of the  
d u ck lin g . W hen  th re a te n e d , v e r y  young b ro o d s  c o n c e a l th e m s e lv e s  b y  
re m a in in g  m o tio n le s s  u n d e r  o v e rh a n g in g  b a n k s , but v e r y  e a r ly  th e y  
develop the  s a m e  e s c a p e  re a c t io n s  as a d u lts .
W h ile  yo un g  H a r le q u in  D u cks  a r e  u s u a lly  q u ite  s e c u re  f r o m  
p re d a to rs  as th e y  fe e d  and  t r a v e l  a g a in s t b anks  w h ic h  a re  v e r t ic a l  o r
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u n d e rc u t, the  c o n tin u a l e x p o s u re  o f th e  fe m a le  w h ile  g u a rd in g  h e r  
b ro o d  in c re a s e s  h e r  s u s c e p t ib i l i ty  to  p re d a tio n , p a r t ic u la r ly  b y  a e r ia l  
p r e d a to rs .
M o s t o b s e rv e rs  (B en g tso n  1 9 6 6 , G udm undsson 1971 , 
K is ts c h in s k ii  1 9 6 8 , P a lm e r  1976) h ave  in d ic a te d  th a t b ro o d in g  fe m a le  
H a r le q u in s  a r e  h ig h ly  s o c ia b le  and th a t th e re  is  a s tro n g  te n d e n cy  fo r  
tw o  o r  m o re  b ro o d s  to  m e r g e . T h e y  r e p o r t  th a t n o n b re e d in g  fe m a le s  
o r  th o s e  w h ic h  h a ve  fa i le d  to  b re e d  s u c c e s s fu lly  m a y  a ls o  p a r t ic ip a te  
in  the  r e a r in g  o f yo un g , and s e v e r a l  fe m a le s  c o m m o n ly  e s c o r t  th e  
c re c h e s . T h e r e  w a s  no te n d e n c y  f o r  b ro o d s  to  fo r m  c re c h e s  on m y  
s tu d y  a r e a .  G ro u p  in te g r i t y  w as  m a in ta in e d  b y  a c t iv e  av o id an c e  and  
in te rb ro o d  a g g re s s io n . F e m a le s  a c c o m p a n y in g  b ro o d s  w e re  not o n ly  
in to le ra n t o f o th e r  fe m a le  H a r le q u in s , b u t a ls o  th re a te n e d  ju v e n ile s  
w h ich  d id  not b e lo n g  to  th e m . W ith  r a r e  e x c e p tio n s , s o l i t a r y  fe m a le s  
avo id ed  b ro o d s  and , th oug h  s e v e r a l  lo n e  fe m a le s  w e re  a p p ro a c h e d  b y  
the  seven  o rp h a n s , th e r e  w as  no e v id e n c e  of m a te r n a l  b e h a v io r . T h e  
re je c t io n  o f the  o rp h a n s  b y  fe m a le s  e s c o r t in g  ju v e n ile s  o f a p p r o x i­
m a te ly  the  s a m e  ag e  in d ic a te d  th a t fe m a le s  re c o g n iz e  and c a re  fo r  
o n ly  th e ir  own yo u n g . A p p e a ra n c e , v o c a l iz a t io n , and o th e r  b e h a v io rs  
m a y  p ro v id e  the  b a s is  f o r  in d iv id u a l id e n t if ic a t io n . T h e  fe e lin g  th a t  
fe m a le s  a r e  a b le  to  id e n t ify  t h e i r  ow n young w a s  fu r t h e r  s u p p o rte d  on 
the  few  o ccas io n s  w h en  b ro o d s  d id  m e rg e  te m p o r a r i ly .  W ith in  
m in u tes  in  ea ch  c a s e , th e  fe m a le s  m o v e d  a w a y , le a d in g  o n ly  th e ir
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ow n b ro o d s .
O n ly  tw o  in s ta n c e s  of a c tu a l b r o o d -m ix in g  and exchange o f 
young o c c u r re d . O n  2 c o n s e c u tiv e  days in  1974 I  o b s e rv e d  a b ro o d  
w ith  one e x t r a  ju v e n ile  w h ic h  w as 5 to  7 days  y o u n g e r th an  th e  
r e m a in d e r .  A n o th e r  b ro o d  w as  m is s in g  one d u c k lin g . T h e  young  
d u c k lin g  had  d i f f ic u lty  k e e p in g  up w ith  th e  r e s t ,  e s p e c ia lly  in ru n n in g  
w a te r ;  u n fo r tu n a te ly , bo th  b ro o d s  d is a p p e a re d  f r o m  th e  s tu d y  a r e a ,  
so I  w as  u n ab le  to  d o c u m en t th e  s u r v iv a l  o f the  y o u n g e r ju v e n ile .  
B ro o d  m ix in g  w as  e x t r e m e ly  r a r e  and o c c u r re d  o n ly  in  1974 w hen  
s e v e r a l b ro o d s  c ro w d e d  in to  a  r e s t r ic t e d  b r o o d - r e a r in g  a r e a .
E rs k in e  (1 9 7 1 ) f e l t  th a t in  B u ff le h e a d s , h ig h  d e n s ity  p o p u la tio n s  
exchang ed  young m o r e  f r e q u e n t ly ,  bu t w h e re  b ro o d  d e n s ity  w as  lo w , 
no b ro o d  m ix in g  o c c u r r e d .
T h e  a v o id a n c e  o f b ro o d  m ix in g  and fo rm a t io n  o f c re c h e s  
a p p e a rs  a d a p tiv e  w h e re  fo o d  is  a l im i t in g  fa c to r  and the  p a re n ta l  
in v e s tm e n t is  h ig h . T h e  s p e c ie s  has e v o lv e d  an  o p tim u m  b ro o d  s iz e  
w h ic h  en ab les  m a x im u m  s u r v iv a l  of e a c h  young b y  p ro v id in g  ju v e n ile s  
w ith  food and lo a f in g  s ite s  and re d u c in g  e x c e s s iv e  in tra b ro o d  c o m p e ­
tit io n ; the  g ro u p  s iz e  is  a ls o  s m a l l  enough to  b e  u n o b tru s iv e  and not 
a t t ra c t  p re d a to rs . A c c e p ta n c e  o f a d d it io n a l young b y  a fe m a le  m a y  
je o p a rd iz e  h e r  a b i l i t y  to  r e a r  h e r  ow n o ffs p r in g  s u c c e s s fu lly . M o s t  
m a te rn a l b e h a v io rs  w h ic h  I  o b s e rv e d  e m p h a s iz e d  b ro o d  is o la t io n  and  
group f id e l i ty ,  b o th  o f w h ic h  m in im iz e  th e  p r o b a b i l i ty  of p a re n ta l
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in v e s tm e n t in  th e  o f fs p r in g  o f o th e rs .
B e n g ts o n  (1 9 6 6 ) and D e rs c h e id  (1 9 4 1 ) re p o r te d  an e x t r e m e ly  
r a p id  r a te  o f d e v e lo p m e n t o f ju v e n ile  H a r le q u in s . F a b e r  (1 8 2 2 , c ite d  
b y  B en g ts o n  19 66 ) s ta te d  th a t f le d g in g  r e q u ir e s  a p p ro x im a te ly  40 d a ys . 
G udm undsson  (1 9 7 1 ) d is p u te d  th o s e  d a ta , fe e lin g  th a t f le d g in g  o c c u rre d  
b e tw e e n  60 and 70 d a y s . E x c e p t f o r  a  fe w  tu fts  o f down on the  ru m p , 
a  c a p tiv e  H a r le q u in  d e s c r ib e d  b y  D e la c o u r  (1 9 5 9 ) w as  f u l ly  fe a th e re d  
a t 8 w e e k s  and 3 d a y s . P e n g e lly  and K e a r  (1 9 7 0 ) re p o r te d  th a t B lu e  
D u c ks  w e r e  fu l ly  fe a th e r e d  a t  8 w e e k s , b u t d id  not f l y  u n t il  10 o r  11 
w e e k s , K e a r  (1 9 7 2 ) f e l t  th a t s lo w  g ro w th  and  th e  p ro lo n g e d  p a r e n t -  
o ffs p r in g  r e la t io n s h ip  e v o lv e d  in  r e la t io n s h ip  to  a  l im ite d  food su p p ly . 
S ince  B en g tso n  (1 9 7 2 ) r e p o r te d  th a t th e  fo od  s u p p ly  in  J u ly  w as  
in c a p a b le  o f s u p p o rtin g  as m a n y  ducks as in  June o r  A u g u s t, i t  se em s  
th a t a  r e s t r ic te d  food  s u p p ly  p ro b a b ly  l im i t s  e a r ly  d e v e lo p m e n t of 
young H a r le q u in s . L a c k  (1 9 6 8 ) s ta te d  th a t , a lth o u g h  i t  is  ad van tageous  
fo r  young to  d e v e lo p  q u ic k ly , g ro w th  m a y  be r e s t r ic te d  b y  th e  am o u n t 
of food a v a ila b le . T h e  r a te  o f d e v e lo p m e n t w h ic h  I  o b s e rv e d  c o r r e s ­
ponded m o re  c lo s e ly  to  r a te s  r e p o r te d  in  B u ffle h e a d s  (E rs k in e  1971) 
and o th e r  d iv in g  ducks (G o llo p  and M a r s h a l l  1 9 5 4 ). J u v e n ile s  b e c a m e  
fu l ly  fe a th e re d  a t a p p r o x im a te ly  7 w e e k s  bu t d id  not f ly  u n til 8 w ee ks ;  
fa s te r  d e v e lo p m e n t s e e m s  im p ro b a b le .
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E c o lo g ic a l A d a p ta tio n s  and F a c to r s  In flu e n c in g  P ro d u c tio n
H a r le q u in  D u c k s  h a v e  a v e r y  s c a tte re d  b re e d in g  d is tr ib u t io n  
an d  p o p u la tio n s  a r e  n o w h e re  r e a l l y  ab u n dan t. O n ly  a l im ite d  n u m b e r  
o f m o u n ta in  s t re a m s  in  w e s te r n  N o r th  A m e r ic a  m e e t th e  s p e c ie s ' 
r e q u ire m e n ts .  T h e  s iz e  and d e n s ity  o f b re e d in g  p o p u la tio n s  s e e m  to  
be c lo s e ly  lin k e d  w ith  fo o d  ab undance and a v a i la b i l i t y  of s u ita b le  
h a b ita t , bo th  o f w h ic h  m a y  be m o d if ie d  b y  c l im a t ic  and o th e r  e n v iro n ­
m e n ta l fa c to r s .  B e n g ts o n  (1 9 7 2 ) and B en g tso n  and U lfs tra n d  (1 97 1 ) 
p ro v id e d  e v id e n c e  th a t p o p u la tio n s  of H a r le q u in s  b re e d in g  in  Ic e la n d  
w e re  fo o d - l im ite d .  P o p u la t io n  d e n s ity  v a r ie d  w ith  th e  p ro d u c tiv ity  of 
the  s t r e a m , and  c o n c e n tra te d  p o p u la tio n s  o c c u r re d  o n ly  n e a r  fo o d -r ic h  
la k e  o u tle ts . D u r in g  y e a rs  o f food s c a r c ity ,  B en g tso n  found a h igh  
in c id e n c e  o f n o n b re e d in g  fe m a le s .
S e v e ra l o th e r  g e n e r a l c h a r a c te r s  in d ic a te  th a t fo o d -  
a v a i la b i l i t y  is  p ro b a b ly  th e  u lt im a te  fa c to r  d e te rm in in g  the b re e d in g  
s tra te g y  of H a r le q u in s . N e i t h e r  th e  m a le  n o r  th e  fe m a le  m o lt  a t the  
b re e d in g  grou nd s; b o th  d e la y  th e  m o lt  u n t il  th e y  have  re tu rn e d  to  
c o a s ta l w a te rs  w h e re  fo o d  is  c o m p a r a t iv e ly  ab u n dan t. E a r ly  d e p a r tu re  
of m a le s  p ro b a b ly  is  a  d i r e c t  re s p o n s e  to  th e  food  s h o rta g e  in  la te  
June (B engtson  1 9 7 2 ), h o w e v e r , a b s e n c e  of m a le s  w hen b ro o d s  e m e rg e  
a lso  re d u c e s  in t r a s p e c if ic  c o m p e t it io n  f o r  fo od . T h e  c lu tc h  s iz e  is  
s m a ll w h ile  eggs a r e  f a i r l y  la r g e  (L a c k  [1 9 6 8 ] re p o r te d  th a t each  egg  
c o m p ris es  9 .6  p e rc e n t  o f th e  fe m a le 's  b o d y  w e ig h t) . V a r io u s  a u th o rs
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(J o h n s g a rd  1973; L a c k  1 9 6 7 , 19 68 ) h a ve  d is c u s s e d  the  e v o lu tio n  of 
c lu tc h  s iz e  in  w a te r fo w l.  E a c h  s p e c ie s  tends to  e v o lv e  an o p tim u m  
c lu tc h  s iz e  w h ic h , on th e  a v e ra g e , re s u lts  in  th e  m a x im u m  n u m b e r of 
young s u rv iv in g . M e a n  c lu tc h  s iz e  r e f le c ts  th e  d if f ic u lty  o f b re e d in g  
s u c c e s s fu lly  (L a c k  1 9 6 8 ). In  n id ifu g o u s  b ir d s ,  tw o  m a jo r  fa c to rs  
r e s t r ic t  c lu tc h  s iz e :  th e  fo od  s u p p ly  a v a ila b le  to  fe m a le s  w h ile  fo rm in g  
and la y in g  eg gs, and th e  a b i l i t y  of young to  o b ta in  s u ff ic ie n t  food  fo r  
s u c c e s s fu l g ro w th  and d e v e lo p m e n t (L a c k  1 9 6 8 ). T h e  la t t e r  a p p e a rs  
to  be  a  p r im a r y  fa c to r  in flu e n c in g  c lu tc h  s iz e  in  H a r le q u in s .
C lu tc h  s iz e  and egg s iz e  a r e  g e n e r a l ly  in v e r s e ly  p ro p o r tio n a l;  
ducks w h ic h  p ro d u c e  la r g e  eggs la y  s m a l le r  c lu tc h e s . In  s p ite  of the  
re d u c e d  n u m b e r  o f young p ro d u c e d , la r g e  eggs m a y  be ad van tageous  
b ecau se  young f r o m  la r g e  eggs a r e  m o re  l ik e ly  to  s u rv iv e  th e ir  e a r ly  
days th an  d u c k lin g s  f r o m  s m a l le r  eg g s . N e w ly  ha tch ed  young f r o m  
r e la t iv e ly  la r g e  eggs h a ve  g r e a te r  fa t  r e s e rv e s  w h ic h  en ab le  th e m  to  
cope w ith  a d v e rs e  e n v iro n m e n ta l c o n d itio n s . D u c k lin g s  w ith  la r g e  
body re s e rv e s  a r e  m o r e  r e s is ta n t  to  co ld  w e a th e r  th an  th o se  w ith  
s m a ll r e s e rv e s  (K o s k im ie s  and L a h t i  1 9 6 4 ). E v e n  w hen s e v e re  
w e a th e r  o r  h a z a rd o u s  w a te r  c o n d itio n s  r e s t r ic t  fe e d in g , th e r m o ­
re g u la tio n  can be m a in ta in e d  f o r  s e v e r a l  h o u rs  (K o s k im ie s  and L a h ti  
1964). K e a r  (in  L a c k  1 9 6 8 ) f e l t  th a t the  la r g e  egg s iz e  found in  the  
t r ib e  M e rg in i r e la te d  to  th e  fa c t  th a t n e w ly  h a tc h e d  d u ck lin g s  d ive  fo r  
food and th a t d iv in g  is  m o r e  s tre n u o u s  and  h a z a rd o u s  th an  s u rfa c e
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fe e d in g . A lth o u g h  n e w ly  h a tc h e d  H a r le q u in s  do n o t d iv e  m u ch  d u rin g  
th e  f i r s t  w e e k , th e  t im e  th e y  spend in  ru n n in g  w a te r  un do ubted ly  
r e q u ir e s  a  s u b s ta n tia l e n e rg y  e x p e n d itu re  and la r g e  fa t r e s e rv e s  
p ro b a b ly  enhan ce s u r v iv a l .  O th e r  d iv in g  ducks r e s t r ic te d  to  s w ift  
w a te r s  a ls o  la y  s m a l l  c lu tc h e s  w ith  la r g e  eggs (K e a r  19 72 , L a c k  19 6 8 ). 
M o ffe t t  (1 9 7 0 ) fe l t  th a t the la r g e  s iz e  of eggs in  T o r r e n t  D ucks  w as  
p a r t ia l ly  e x p la in e d  b y  th e  d u c k lin g s ' u n u s u a lly  la r g e  fe e t , an a d a p ta tio n  
fo r  s u r v iv a l  in  t h e i r  v ig o ro u s  e n v iro n m e n t. In  s p ite  o f the  ad van tag e  
of la r g e  eggs, s m a l l  c lu tc h e s  a r e  a d a p tiv e  o n ly  i f  p re d a to r  p re s s u re  
is  lo w  and each  ju v e n ile  p ro d u c e d  has a h ig h  p r o b a b il i ty  of s u rv iv in g  
(K e a r  1 9 7 2 , L a c k  1 9 6 8 ).
T h e  le n g th  o f th e  in c u b a tio n  p e r io d  in  ducks v a r ie s  w ith  the  
s iz e  o f th e  egg, and a  lo n g  in c u b a tio n  p e r io d  e n ab les  g r e a te r  d e v e lo p ­
m en t p r io r  to  h a tc h in g . H a r le q u in s  have  an  in c u b a tio n  p e r io d  w h ic h  is  
lo n g e r  th a n  th a t o f m o s t c o m p a ra b ly  s iz e d  w a te r fo w l.  L a c k  (1 9 6 8 ) 
show ed th a t th e  in c u b a tio n  p e r io d  a ls o  c o r r e la te s  b ro a d ly  w ith  th e  r a te  
of d e v e lo p m e n t a f t e r  h a tc h in g . T h o u g h  fa s t  g ro w th  m in im iz e s  
s u s c e p tib ility  to  p r e d a t io n  an d  o th e r  e n v iro n m e n ta l s t re s s e s , food  
supp ly  l im its  th e  r a te  o f g ro w th .
S m a ll c lu tc h  s iz e  an d  th e  r e s u lta n t  lo w  re p ro d u c tio n  r a te  a re  
a d ap tive  o n ly  in  a n im a ls  w h ic h  a r e  r e la t iv e ly  lo n g - l iv e d  and occupy  
f a i r ly  s ta b le  h a b ita ts  ( M i l l e r  and B o tk in  1 9 7 4 ). T o  su cce ed , th o se  
o rg a n is m s  m u s t b e  a b le , in  th e  lo n g  ru n , to  p ro d u c e  m o re  o ffs p r in g
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th a n  th e y  co u ld  i f  th e y  d iv e r te d  m o re  e n e rg y  to  th e  re p ro d u c t iv e  e f fo r t  
an d  le s s  in to  th e ir  own s u r v iv a l  (W il l ia m s  1 9 6 6 ). T h e  re p ro d u c t iv e  
s t ra te g y  o f H a r le q u in s  c o rre s p o n d s  q u ite  c lo s e ly  to  W ils o n 's  (1 9 75 )  
d e s c r ip t io n  o f b re e d in g  s t ra te g ie s  in  P C -se lected  s p e c ie s . T h e  
re p ro d u c t iv e  r a te  is  lo w , b o th  ju v e n ile s  and a d u lts  have a h igh  p r o b ­
a b i l i t y  o f s u r v iv a l ,  th e  o n se t o f b re e d in g  is d e fe r r e d , and the s p e c ie s  
is  h ig h ly  s p e c ia l iz e d  and  has n a r r o w  h a b ita t re q u ire m e n ts . Southwood  
et a l .  (1 9 7 4 ) a ls o  f e l t  th a t K -s t r a te g is ts  w e r e  fa v o re d  w h e re  b re e d in g  
s ite s  w e r e  r e la t iv e ly  f r e e  f r o m  p r e d a to rs . S p ec ies  in  w h ic h  s u rv iv a l  
of ju v e n ile s  is  u n p re d ic ta b le  and  w h ic h  s u f fe r  o c c a s io n a l c a ta s tro p h ic  
b re e d in g  s e a s o n s , a ls o  te n d  to  be  K -s e le c te d  (W ilb u r  et a l .  1 9 7 4 ). 
D e la y e d  s e x u a l m a t u r i t y  is  ad van tag eo u s  o n ly  in  lo n g - l iv e d  sp ec ies  
w h e re  th e  n o n b re e d in g  p e r io d  re p re s e n ts  a  s m a ll  p ro p o r tio n  of th e  
re p ro d u c tiv e  l i f e  sp an . E v e n  in  lo n g - l iv e d  s p e c ie s , d e fe r r e d  b re e d in g  
m ust re d u c e  m o r t a l i t y  enough to  o ffs e t th e  d is a d v a n ta g e  of fa i l in g  to  
re p ro d u c e  d u rin g  th a t p e r io d . S e v e ra l fa c to rs  m a y  fa v o r  d e la y e d  
m a tu r ity  in  b ir d s .
Y ou ng  b ir d s  a r e  le s s  e f f ic ie n t  a t f in d in g  food and av o id in g  
p re d a to rs , so b o th  th e  fe m a le  and  h e r  o f fs p r in g  a r e  le s s  l ik e ly  to  
s u rv iv e  (L a c k  1 9 6 8 ). A ls o , f i r s t - b r e e d in g  fe m a le s  m a y  be le s s  a b le  
to  com pete  w ith  a d u lts  f o r  n e s t s ite s  and p r e f e r r e d  b r o o d -r e a r in g  
a re a s . In d iv id u a ls  b re e d in g  f o r  th e  f i r s t  t im e  ty p ic a l ly  b re e d  la t e r  
than  o ld e r  b ird s  (L a c k  1 9 6 8 , W ils o n  1 9 7 5 ). L a c k  (1 9 6 8 ) h y p o th e s ize d
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th a t am o n g  b ir d s ,  la te  b re e d in g  w as  ca u sed  b y  the  in a b i l i ty  o f young  
fe m a le s  to  f in d  s u ff ic ie n t  food  to  p ro d u c e  eggs; h is  th e s is  seem s  
in a p p lic a b le  in  th e  case  o f m o s t w a te r fo w l.  In  H a r le q u in s , fe m a le s  
w h ic h  a r e  b re e d in g  fo r  the  f i r s t  t im e  s e e m  to  a r r iv e  3 to  4 w e e k s  la te ,  
and p ro b a b ly  th e  e n t ir e  b re e d in g  c y c le  is  r e ta r d e d . T h e  fre q u e n c y  of 
b re e d in g  s u c c e s s  in  2 - y e a r - o ld  fe m a le  H a r le q u in s  is  unknow n. W ils o n  
(1 9 7 5 ) d is c u s s e d  th e  p o s s ib le  a d v an ta g e  of sp en d in g  a p r e p a r a to r y  
b re e d in g  s e aso n  w h e re  b ird s  engage in  p a ir  fo rm a t io n  and o th e r  
b re e d in g  a c t iv i t ie s ,  b u t a c tu a l b re e d in g  does not o c c u r . F a m i l ia r i t y  
w ith  fe e d in g  and n e s tin g  a re a s  m a y  im p ro v e  th e  chance of b re e d in g  
s u c c e s s fu lly  in  th e  fo llo w in g  s e as o n . N o n b re e d in g  is o n ly  a d v a n ­
ta g eo u s , th oug h , i f  th e r e  is  l i t t l e  chance of b re e d in g  s u c c e s s fu lly  
d u rin g  the  y e a r  c o n c e rn e d . P o s s ib ly  th e re  is  som e f le x ib i l i t y  in  the  
b re e d in g  e f fo r t  o f 2 - y e a r - o ld  H a r le q u in  fe m a le s . T h e ir  la te  a r r i v a l  
m a y  even in c re a s e  th e  ch ance  of s u c c e s s  in  y e a rs  w hen h ig h  ru n o ff  
d es tro y s  th e  n e s ts  o f o ld e r  b ird s  w h ic h  b eg an  n e s tin g  e a r l ie r ;  n es t 
w ashout w o u ld  be le s s  l i k e ly  a m o n g  la t e - a r r iv in g  fe m a le s  s in c e  th e y  
could lo c a te  n e s ts  w ith  re s p e c t  to  p e a k  w a te r  le v e ls .  H o w e v e r , o n ly  
unusual c irc u m s ta n c e s  w o u ld  fa v o r  la te  a r r iv a ls  and m ost y e a rs  th e y  
p ro b a b ly  a r e  a t a d is a d v a n ta g e . T h e  n o n b re e d in g  s u rp lu s  re p o r te d  by  
Bengtson (1 9 7 2 ) and B e n g ts o n  an d  U lfs t r a n d  (1 9 7 1 ) p ro b a b ly  co n ta in e d  
m any in e x p e r ie n c e d  a d u lts . T h e  fre q u e n c y  of n o n b re e d in g  on 
M c D o n a ld  C re e k  is  p ro b a b ly  s o m e w h a t lo w e r  th an  the  15 to  30 p e rc e n t
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o b s e rv e d  in  Ic e la n d ; p o s s ib ly  th e  h ig h  d e n s ity  o f Ic e la n d ic  p o p u la tio n s  
c re a te s  g r e a te r  c o m p e tit io n  f o r  l im ite d  re s o u rc e s  and re q u ire s  th a t 
p r o p o r t io n a te ly  fe w e r  b ird s  b re e d . B re e d in g  le v e ls  p ro b a b ly  a re  
a d ju s te d  to  th e  am o u n t o f fo o d  a v a ila b le  d u rin g  m id s u m m e r  w hen food  
is  in  s h o r te s t  s u p p ly .
E s t im a te s  o f th e  to ta l  n u m b e r  o f H a r le q u in s  h a tc h in g  on 
U p p e r  M c D o n a ld  C r e e k , though q u ite  r e l ia b le ,  p ro b a b ly  c o n ta in ed  a  
c o n s e rv a t iv e  b ia s  s in c e  h ig h  w a te r  in  e a r ly  J u ly  m ad e  so m e b ro o d -  
r e a r in g  a re a s  in a c c e s s ib le . H ig h e s t m o r t a l i t y  o c c u rre d  d u rin g  the  
f i r s t  2 w ee k s  and s o m e  young p ro b a b ly  su c cu m b ed  b e fo re  I  w as  a b le  to  
count th e m . A c c u r a te  e s t im a te s  o f th e  to ta l  n u m b e r h a tch in g , a 
r e f le c t io n  of th e  m in im u m  b ro o d  s iz e  (B en g ts o n  1 9 6 6 ), r e q u ir e  d a ily  
b ro o d  cen su ses  in  la te  Ju n e  an d  e a r ly  J u ly . T h e  h ig h  m o r ta l i t y  
s u ffe re d  d u rin g  th e  f i r s t  w e e k  r e f le c ts  th e  h o s t i l i ty  o f th e  e n v iro n m e n t  
and e m p h a s iz e s  th e  p r e m iu m  on fa c to rs  w h ic h  enhance e a r ly  s u rv iv a l  
u n d er a d v e rs e  c o n d itio n s .
O n M c D o n a ld  C r e e k ,  fe w  fa c to rs  o th e r  th an  the need to  
e s ta b lis h  a  hom e ra n g e  s e e m  to  l im i t  the  n u m b e r  o f ad u lts  w h ic h  
b re e d  once th e y  h a ve  re a c h e d  th e  b re e d in g  g rounds; fe e d in g , lo a fin g , 
and n e s tin g  s ite s  a r e  r e la t iv e ly  abundant and do not a p p e a r to  l im i t  
b re e d in g  d e n s ity . D u r in g  s o m e  y e a r s ,  th oug h , fo od  a v a i la b i l i t y  m a y  
be l im it in g ,  and i t  is  l i k e ly  th a t on s m a l le r  m o u n ta in  s tre a m s  food  
a v a ila b i l i ty  a lw a y s  l im i t s  the  n u m b e r  w h ic h  can  b re e d  s u c c e s s fu lly .
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A d v e rs e  e n v iro n m e n ta l co n d itio n s  in  1974  caused  events  
w h ic h  in d ic a te d  th a t , a t le a s t  d u rin g  y e a rs  w h en  ru n o ff is  h ig h  and  
la te ,  th e  la c k  o f s u f f ic ie n t  b r o o d - r e a r in g  h a b ita t  to  p ro v id e  each  b ro o d  
w ith  s o m e  s e c lu s io n  as w e l l  as food  and lo a fin g  s ite s  m a y  p la c e  c o n ­
s t ra in ts  on p ro d u c tio n .
F o re m o s t  am o n g  th e  fa c to rs  w h ic h  a r e  c o m m o n ly  fe l t  to  
re g u la te  b i r d  p o p u la tio n s  a r e  fo od  s u p p ly , h a b ita t a v a i la b i l i t y ,  
p re d a tio n , and c l im a t ic  o r  e n v iro n m e n ta l fa c to r s .
B e n g ts o n  (1 9 7 2 ) and  B en g ts o n  and U lfs tra n d  (1971) th o ro u g h ly  
d is c u s s e d  the  r o le  o f fo o d  in  l im it in g  H a r le q u in  p ro d u c tio n  in Ic e la n d . 
A lth o u g h  I  la c k e d  q u a n tita t iv e  d a ta  on th e  s ta n d in g  c ro p  of b e n th ic  
in v e r te b ra te s , I  d id  o b ta in  c ir c u m s ta n t ia l  e v id e n c e  re g a rd in g  the  
re la t io n s h ip  b e tw e e n  fo o d  a v a i la b i l i t y  and p ro d u c tio n . B engtson  (1 972 ) 
found th a t the fre q u e n c y  o f n o n b re e d in g  fe m a le s  in c re a s e d  as food  
su p p lies  d e c re a s e d . I t  s e e m s  u n lik e ly  th a t H a r le q u in s  on M c D o n a ld  
C re e k  d u rin g  M a y  and Ju n e  c o u ld  d e p le te  t h e ir  food s u p p ly , excep t 
p o s s ib ly  in  b a c k w a te rs  d u r in g  ex te n d e d  p e r io d s  o f h ig h  w a te r  w hen  no 
food w as a v a ila b le  in  th e  c r e e k .  E f fe c ts  o f food  s c a r c ity  s e e m e d  m o s t  
l ik e ly  to  o p e ra te  p r i m a r i l y  on b ro o d s  and th e n  o n ly  in d ir e c t ly .  D u r in g  
1974 and e s p e c ia lly  1 9 7 5 , e x t r e m e ly  h ig h  w a te r  fo rc e d  b ro o d s  to  
c o n ce n tra te  in  ponds f o r  fo o d  and  p ro te c t io n  f r o m  the c u r r e n t .  B oth  
y e a rs  b roods re m a in e d  on th e  ponds e v e n  a f t e r  th e  ru n o ff b eg an  to  
subside, as s u b s tra te  w a s h o u t p ro b a b ly  ca u se d  a s h o rta g e  of food in
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th e  c r e e k .  T h e  s t r e a m  re c e iv e d  l i t t l e  use u n til  th e  young d eve loped  
enough p r o f ic ie n c y  to  use the  ra p id s  and g o rg es  w ith  b e d ro c k  s u b ­
s t r a te .  T h o s e  a re a s  w e r e  q u ite  s ta b le  and h a b ita t w asho ut and  
d e p le tio n  o f in v e r te b ra te s  d u rin g  f lo o d in g  w a s  le s s  l ik e ly .
I  o b ta in e d  no d ir e c t  e v id e n c e  o f th e  e ffe c ts  o f p re d a tio n  on 
H a r le q u in s . P re d a t io n , though in fre q u e n t , m a y  be a m a jo r  m o r ta l i t y  
fa c to r  on th e  b re e d in g  g ro u n d s . P ro b a b ly  fe w  a d u lt H a r le q u in s  
su ccu m b to  p re d a tio n . C ir c u m s ta n t ia l  e v id e n c e  o f p re d a tio n  of a 
fe m a le  e s c o r t in g  a b ro o d  as w e l l  as a t le a s t  one ju v e n ile  f r o m  
a n o th e r b ro o d  s u g g es te d  th a t p re d a tio n  is  m o s t im p o rta n t d u rin g  the  
b r o o d - r e a r in g  s e a s o n . P re d a t io n  o f a fe m a le  m a y  cause an e n t ire  
b ro o d  to  p e r is h . M in k  w e r e  th e  m o s t abundant p re d a to rs  on the study  
a re a ; though w e a s e ls  (M u s te la  sp . ) and  m a r te n s  (M a r te s  a m e r ic a n a ) 
w e re  o c c a s io n a lly  o b s e rv e d  n e a r  w a t e r ,  th e  m in k  is  p ro b a b ly  the  o n ly  
s ig n if ic a n t m a m m a lia n  p r e d a to r  on M c D o n a ld  C r e e k  s in c e  m in k  
fre q u e n t th e  s a m e  a r e a s  used  b y  H a r le q u in  b ro o d s  f o r  fe e d in g  and  
lo a fin g . B en g tso n  (1 9 6 6 ) r e p o r te d  th a t m in k , an in tro d u c e d  m a m m a l,  
and bad  w e a th e r  w e r e  th e  tw o  m a jo r  cau se s  o f p re f le d g in g  m o r ta l i t y  in  
Ic e la n d . Som e a v ia n  p r e d a to rs  a ls o  fre q u e n t h a b ita ts  used b y  
H a r le q u in s . R av e n s  (C o rv u s  c o r a x ). G o shaw ks  (A c c ip ite r  g e n t i l is ). 
C o o p e r's  H aw k  (A c c ip i t e r  c o o p e r i i ), and G r e a t  H o rn e d  O w ls  (Bubo  
V irg in ia n  u s ) a l l  l iv e d  on th e  s tu d y  a r e a .  R a v e n s  tended  to  fe e d  m a in ly  
on c a r r io n  and w e r e  la r g e ly  ig n o re d  b y  H a r le q u in  D u c k s . I  d id  not
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
127
o b s e rv e  a tte m p ts  b y  h aw ks  to  p r e y  on H a r le q u in s , b u t i t  is  l ik e ly  th a t 
th e y  o c c a s io n a lly  ta k e  young o r  fe m a le s  w h ic h  a re  g u a rd in g  th e ir  
young.
V a g a r ie s  o f c l im a te  c au se d  th e  g re a te s t  o b s e rv e d  lo s se s  and  
a p p e a re d  to  be th e  m o s t s ig n if ic a n t  e le m e n t l im it in g  p ro d u c tio n . T h e  
m o s t im p o r ta n t  e n v iro n m e n ta l fa c to rs  w e r e  th e  t im in g , in te n s ity , and  
d u ra tio n  of s p r in g  ru n o ff . R u n o ff is  u l t im a te ly  dependent on p r e c ip i ­
ta t io n  and  te m p e r a tu r e  d u r in g  w in te r ,  b u t s p r in g  c l im a te  m a y  m o d ify  
e ffe c ts  c o n s id e ra b ly . D i r e c t  e ffe c ts  o f c l im a te  on p ro d u c tio n  w e re  
m in im a l.  Som e young p ro b a b ly  s u c cu m b e d  to  c h il l in g  d u rin g  co ld , 
r a in y  p e r io d s . E r s k in e  (1 9 7 1 ) f e l t  th a t young B u ffle h e a d s  re s o rb e d  
y o lk  m a t e r ia l  r a p id ly  d u r in g  c o ld , w e t w e a th e r ,  and m o r ta l i t y  of 
ju v e n ile s  w as h ig h e s t d u r in g  y e a rs  w h en  h a tc h in g  c o in c id e d  w ith  
a d v e rs e  w e a th e r .
In d ir e c t  c l im a t ic  e f fe c ts , m a in ly  in  th e  fo r m  o f f lu c tu a tin g  
w a te r  le v e ls ,  g r e a t ly  in flu e n c e d  p ro d u c tio n . R u n o ff m a y  a ffe c t the  
in i t ia l  p ro d u c tio n  o f young as  w e l l  as th e  s u r v iv a l  of ju v e n ile s  a f te r  
h atch in g . D i f f e r e n t ia l  r a te s  o f in i t ia l  p ro d u c tio n  d u rin g  the 3 y e a rs  
i l lu s t r a te  th e  e ffe c ts  o f ru n o ff  on in c u b a tin g  fe m a le s  and e m p h a s ize  
the im p o rta n c e  o f th e  t im in g  o f n e s t s ite  s e le c t io n . T h e re  is  a m u ch  
g re a te r  te n d e n cy  f o r  n e s t w a s h o u t d u r in g  y e a rs  w h en  ru n o ff  is  
re ta rd e d . In  19 74 , th oug h  flo o d in g  o c c u r re d  s u d d e n ly  in  Ju n e , e a r ly  
ru n o ff w as m o re  th a n  a v e ra g e  and m o s t o f th e  sn o w p ack  had a lr e a d y
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m e lte d . N e s t lo s s e s  due to  flo o d in g  w e re  not too  s e v e re  and s e v e r a l  
b ro o d s  h a tc h e d . In  1 9 7 5 , h o w e v e r , l i t t l e  s p r in g  ru n o ff o c c u rre d  and  
Ju ne r a in s  cau se d  sudden m e lt in g  o f the re m a in in g  snow . T h e  re s u lt  
w a s  a  s h o r t  p e r io d  of n e a r - r e c o r d  w a te r  le v e ls .  A t p e ak  f lo w , to ta l  
d is c h a rg e  w as  n e a r ly  doub le  th a t o f the  1974  f lo o d . F e w  n ests  escap ed  
d e s tru c t io n  and a p p a re n t ly  o n ly  th re e  b ro o d s  h a tch ed .
M o r t a l i t y  o f ju v e n ile s  a f te r  b e in g  le d  to  w a te r  w as a ls o  
g r e a t ly  in flu e n c e d  b y  th e  c h ro n o lo g y  o f s p r in g  ru n o ff . H ig h , la te  
ru n o ff c au sed  b o th  d e n s ity -d e p e n d e n t and d e n s ity -in d e p e n d e n t  
m o r ta l i t y .  D e n s ity - in d e p e n d e n t e f fe c ts  in c lu d e d  lo s s e s  of d u ck lin g s  in  
h e a v y  c u r r e n t ,  in a b i l i ty  to  fe e d  in  th e  tu rb u le n t  w a te r ,  and o th e r  
m o r t a l i t y  a t t r ib u ta b le  to  th e  e ffe c ts  o f h ig h  w a te r  le v e ls .  In  1975  
even  th e  ponds w e r e  in u n d a te d  and fe e d in g  and lo a fin g  s ite s  w e re  
u n a v a ila b le  u n le s s  b ro o d s  m o v e d  up in to  e x t r e m e ly  s m a ll  s p r in g  in le ts  
w h ic h  w e r e  2 to  3 in c h e s  d eep . T h o s e  a re a s  w e re  e a s ily  a c c e s s ib le  
to  p re d a to rs . I  o b s e rv e d  an  u n s u c c e s s fu l a tte m p t b y  one fe m a le  to  
m ove h e r  b ro o d  up th e  c r e e k  to w a rd  a n o th e r  pond. T h e  young w e re  
unable to  m a n e u v e r  in  th e  s tro n g  c u r r e n t ,  and w ith in  13 days th a t 
fe m a le  had lo s t a l l  s e v e n  o f h e r  young. D e n s ity -d e p e n d e n t m o r ta l i t y  
o c c u rre d  as b ro o d s  c ro w d e d  in to  s m a l l  b a c k w a te rs . In tra s p e c if ic  
c o m p e tit io n  and a g g re s s io n  ca u s e d  e a r ly  d is p e rs a l and abandonm ent 
of b r o o d -r e a r in g  a r e a s .  M o r t a l i t y  p ro b a b ly  in c re a s e d  as n e w ly  
hatched  d u c k lin g s  w e r e  exp o sed  to  th e  f u l l  s tre n g th  of the  flo o d in g
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c r e e k .
T h e  b re e d in g  c h ro n o lo g y  is  c lo s e ly  a ttu n ed  to s p r in g  ru n o ff, 
and a n y  n a tu r a l  o r  m a n -c a u s e d  a lte r a t io n  of the  flo w  re g im e  has  
p o te n t ia l ly  d e v a s ta tin g  e ffe c ts  on H a r le q u in  b re e d in g  s u c ce s s . I f ,  as  
so m e  s c ie n t is ts  p r e d ic t ,  w e  a r e  e n te r in g  a lo n g - te r m  tre n d  to w a rd  
c o ld e r  c l im a te s ,  th e  H a r le q u in  p o p u la tio n  on M c D o n a ld  C re e k  w i l l  be  
a ffe c te d  a d v e rs e ly ;  c o ld , la te  s p rin g s  r e t a r d  ru n o ff and m a y  v i r t u a l ly  
e lim in a te  H a r le q u in  p ro d u c tio n . F o r e s t r y  p ra c t ic e s  w h ic h  in c re a s e  
s u rfa c e  ru n o ff  and expose s tre a m s  to  s u n lig h t a l t e r  the s t re a m  
e n v iro n m e n t th ro u g h  w a r m in g , e ro s io n , and s i l ta t io n .  K e a r  and  
B u rto n  (1 9 7 1 ) r e p o r te d  th a t the  in tro d u c tio n  of tro u t  in to  s tre a m s  in  
N ew  Z e a la n d  a d v e r s e ly  a f fe c te d  th e  B lu e  D u c k  b y  in c re a s in g  c o m p e ­
t i t io n  fo r  l im i t e d  fo od  s u p p lie s . M c D o n a ld  C r e e k  has v e r y  fe w  t ro u t ,  
but an y  in c re a s e  in  t r o u t  p o p u la tio n  w o u ld  in te n s ify  c o m p e tit io n  fo r  
food and m a y  be d e t r im e n ta l  to  H a r le q u in  D u c k s .
D ra in in g  o f f lo o d  p la in  ponds to  fa c i l i t a te  hum an d e v e lo p m e n t 
is a c o m m o n  p r a c t ic e  on m a n y  s t r e a m s . T h o s e  a c t iv it ie s  m a y  
e lim in a te  h a b ita t w h ic h  H a r le q u in s  r e q u ir e  fo r  s u c c e s s fu l re p ro d u c tio n . 
Though ponds h a v e  no t b e e n  d ra in e d  in  G la c ie r ,  a t le a s t  tw o  a re a s  of 
p r im e  b ro o d  r e a r in g  h a b ita t  a r e  n e v e r  used b e c a u s e  ro a d  c o n s tru c tio n  
has is o la te d  th e m  f r o m  th e  c r e e k .  E v e n  though th e y  connect w ith  the  
c re e k . H a r le q u in s  w i l l  no t s w im  u n d e r  th e  ro a d  to  re a c h  th e m . A n y  
a tte m p t to  r e s t r ic t  th e  n a tu r a l  m e a n d e r in g  o f the  s t re a m  e lim in a te s
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th e  fo rm a t io n  o f new  h a b ita ts  w h ic h  a r e  e s s e n tia l to  s u c c e s s fu l 
b re e d in g ,
E r s k in e  (1 9 7 1 ) s ta te d  th a t s in c e  B u ffle h e a d s  do not b re e d  
u n t i l  2 y e a rs  o ld , lo s s  of p ro d u c tio n  in  1 y e a r  m a y  have l i t t le  e ffe c t  
on p o p u la tio n s . D e fe r r e d  m a tu r i t y  in  H a r le q u in s  w o u ld  a ls o  dam pen  
p o p u la tio n  f lu c tu a t io n s . H o w e v e r , s e v e r a l  c o n s e c u tiv e  y e a rs  of l i t t le  
p ro d u c tio n  m a y  c o m p le te ly  e l im in a te  a lo c a l p o p u la tio n . S ince  
b re e d in g  p o p u la tio n s  o f H a r le q u in s  d is p la y  f id e l i t y  to  a s p e c if ic  a r e a  
and fe m a le s  te n d  to  h o m e  to  t h e i r  n a ta l a r e a ,  re p o p u la tio n  of an a re a  
w o u ld  o c c u r  v e r y  s lo w ly . R e p o p u la tio n  w o u ld  p ro b a b ly  o c c u r b y  
ra n d o m  w a n d e r in g  o f b ird s  w h ic h  b re e d  in  n e a rb y  d ra in a g e s ; e l im in ­
a tio n  of the  p o p u la tio n  in  an  e n t ir e  g e o g ra p h ic  re g io n  w o u ld  d r a s t ic a l ly  
re d u c e  th e  p o s s ib i l i ty  o f re p o p u la t io n . T h e  p o s s ib il i ty  th a t b re e d in g  
po p u la tio n s  a ls o  h o m e  to  d is c r e te  w in te r in g  a re a s  su ggests  th a t an y  
fa c to r  w h ic h  m ig h t d e s tro y  a w in te r in g  p o p u la tio n  o r  w in te r  h a b ita t  
m a y  a ls o  e l im in a te  an  e n t ir e  b re e d in g  p o p u la tio n .
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M A N A G E M E N T  R E C O M M E N D A T IO N S
P o p u la tio n s  o f H a r le q u in  D u c k s , p a r t ic u la r ly  th o se  w h ic h  
b re e d  on m o u n ta in  s t re a m s  in  th e  in t e r io r  o f N o r th  A m e r ic a ,  e n jo y  
an  e x t r e m e ly  f r a g i le  e x is te n c e . T h e  e n v iro n m e n t is h o s tile , food  
s u p p lie s  l im i t  c a r r y in g  c a p a c ity , and b re e d in g  su ccess  is  v e r y  lo w .
In  re s p o n s e  to  t h e i r  lo w  re p ro d u c t iv e  r a te .  H a r le q u in s  have  e v o lv ed  
a b re e d in g  s t r a te g y  w h ic h  depends on h ig h  s u r v iv a l  am ong ad u lts  as  
w e l l  as th e  r e la t iv e ly  fe w  young w h ic h  a r e  p ro d u c e d . W hen  s e v e ra l  
s u c c e s s iv e  c a ta s tro p h ic  b re e d in g  seaso n s  o c c u r , to ta l m o r ta l i t y  m a y  
ex cee d  p ro d u c tio n  and r e c r u i t m e n t .  Southw ood et a l .  (1 97 4 ) suggested  
th a t s in c e  K -s e le c te d  s p e c ie s  a r e  so c lo s e ly  ad ap ted  to th e ir  n ic h e , 
th ose  sp ec ies  h a ve  a  h ig h  p o te n t ia l f o r  e x tin c tio n . D u r in g  the  la te  
1 8 0 0 's  H a r le q u in s  b e c a m e  e x t in c t  in  C o lo ra d o  (P a rk e s  and N e ls o n  
1976) and r e la t iv e ly  fe w  b re e d in g  p o p u la tio n s  r e m a in  in  W y o m in g  and  
M o n ta n a . T h o s e  b re e d in g  p o p u la tio n s  w h ic h  p e r s is t  a re  e x tr e m e ly  
v u ln e ra b le  to m a n ip u la t io n  o f h a b ita t  b y  m a n , and re c e n t e x tin c tio n s  
of lo c a l p o p u la tio n s  h a v e  b e e n  r e c o rd e d  (P . L .  W r ig h t  p e rs o n a l 
c o m m u n ic a tio n ). W ith o u t c a r e fu l  m a n a g e m e n t i t  is  l ik e ly  th a t m an y
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m o r e  s t re a m s  p r e s e n t ly  ca p a b le  of s u p p o rtin g  l im ite d  b re e d in g  p o pu­
la t io n s  w i l l  no lo n g e r  m e e t th e  s p e c ie s ' p re c is e  re q u ire m e n ts .
F o r  s u c c e s s fu l b re e d in g . H a r le q u in s  r e q u ir e  p r is t in e  h a b ita t  
and r e la t iv e  s e c lu s io n  f r o m  h u m a n  in te r fe r e n c e . In a c c e s s ib le  s tre a m s  
in  re m o te  m o u n ta in  w ild e rn e s s e s  p ro b a b ly  b e s t m e e t th e  s p e c ie s ' 
b re e d in g  r e q u ir e m e n ts ,  b u t th ose  a re a s  co n tin u e  to  d w in d le  as hum an  
p o p u la tio n  g ro w s . A n y  e f fo r t  to  m an a g e  f o r  s u c c e s s fu l H a r le q u in  
re p ro d u c t io n  m u s t fo cu s  no t o n ly  on p r e s e r v in g  th ose  e c o sy s te m s  
w h ic h  r e m a in  in  r e la t iv e ly  p r is t in e  c o n d itio n s , but a ls o  on r e s to r in g  
d is tu rb e d  s t r e a m  e c o s y s te m s  to  a  n a tu r a l s ta te , w h ile  in s u r in g  th a t  
h u m an  d e v e lo p m e n t w i l l  be c o m p a tib le  w ith  th e  m a in te n a n c e  of h e a lth y  
s t re a m s . Im p le m e n ta t io n  o f p ro p o s a ls  w h ic h  fa v o r  b a la n c e d  s tre a m  
e c o s y s te m s  is  c o n s is te n t w ith  a d m in is t r a t iv e  p o lic ie s  adopted  in  1970  
b y  the  N a tio n a l P a r k  S e rv ic e  f o r  m a n a g in g  n a tu r a l a r e a s . A m o n g  the  
m a jo r  g o a ls  w as  to  in s u re  th a t " th e  b io t ic  a s s o c ia tio n s  w ith in  each  
p a rk  be m a in ta in e d , o r  w h e re  n e c e s s a ry  r e c r e a te d , as n e a r ly  as 
p o s s ib le  in  the c o n d itio n  th a t  p r e v a i le d  w h en  th e  a r e a  w as f i r s t  v is ite d  
by  th e  w h ite  m e n "  (A n o n . 1 9 7 0 ).
F o llo w in g  a r e  s o m e  m a n a g e m e n t s u g g e s tio n s , s e v e ra l of 
w h ic h  a p p ly  s p e c i f ic a l ly  to  M c D o n a ld  C re e k , and o th e rs  w h ic h  m a y  be 
g e n e ra l enough to  a p p ly  to  o th e r  s t re a m s  w ith in  th e  s p e c ie s ' b re e d in g  
ran g e  w h ic h  have  s o m e  p o te n t ia l  to  s u p p o rt p o p u la tio n s  of H a r le q u in s .
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P r e s e r v a t io n  o f P r is t in e  H a b ita ts
W h e re  s t r e a m  e c o s y s te m s  a r e  in ta c t , a l l  d e v e lo p m e n t b y  
hu m an s sh o u ld  be  p ro h ib ite d  and h u m a n  in tru s io n s  s tru c tu re d  to  
m in im iz e  th e  im p a c t on a q u a tic  h a b ita ts .
R e s t r ic t io n  o f N a tu r a l  C hanges in  S tre a m  C o u rs e
T h e  n a tu r a l  o c c u r re n c e  o f flo o d s  and c o n c o m ita n t changes in  
s t r e a m  c o u rs e  sh o u ld  be a n t ic ip a te d  and h u m an  d e ve lo p m e n t o f f lo o d -  
p la in s  e l im in a te d . E x c e p t w h e re  f lo o d in g  e n d an g e rs  hum an l i f e  o r  
e x is tin g  p r o p e r ty ,  no a t te m p t sh o u ld  be m a d e  to  r e s t r ic t  th e  n a tu ra l  
m e a n d e r in g  o f s t r e a m s . F a l le n  t r e e s  and o th e r  d e b r is  w h ic h  c lo g  
ch ann els  and  a l t e r  s t r e a m  c o u rs e  sh ou ld  not be  re m o v e d .
Id e n t if ic a t io n  o f C r i t i c a l  A q u a tic  H a b ita ts
A n  in v e n to ry  sh o u ld  be  co n d u cted  to  id e n t ify  s tre a m s  c o n ­
ta in in g  h a b ita t fe a tu re s  e s s e n t ia l  to  s u c c e s s fu l b re e d in g  of H a r le q u in s .  
O nce id e n t if ie d , c r i t i c a l  h a b ita ts  sh ou ld  be p ro te c te d  and hum an access  
to  s e n s it iv e  a re a s  s t r i c t l y  c o n tro l le d . C o n s tru c tio n  of new b r id g e s ,  
ro a d s , o r  t r a i ls  w h ic h  p ro v id e  in c re a s e d  a c c e s s ib i l i ty  to  c r u c ia l  a re a s  
should  be a v o id e d . A n y  new  ro a d s  o r  t r a i ls  w h ic h  a r e  d eem ed  
n e c e s s a ry  sh o u ld  b e  c a r e f u l ly  p la c e d  so th a t th e y  do not d is ru p t o r  
is o la te  la rg e  s e g m e n ts  o f a q u a tic  h a b ita ts . D u r in g  any c o n s tru c tio n  
o r  m a in te n a n c e  p r o je c ts ,  e x t r e m e  c a u tio n  sh o u ld  be  e x e rc is e d  to  
p re v e n t e ro s io n , s i l ta t io n ,  o r  d e s tru c t io n  o f v e g e ta tio n  n e a r  s t re a m s .
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R e s t r ic t io n  of H u m an  U se
E v e r y  e f fo r t  m u s t b e  m a d e  to  d is p e rs e  h u m an  im p a c t b y  
a l te r in g  p a tte rn s  o f h u m a n  u s e . C o n c e n tra tio n s  of hum an use shou ld  
be a v o id e d  e x c e p t in  p r e s e n t ly  d e v e lo p e d  a re a s  w h e re  im p a c t on 
H a r le q u in s  is  m in im a l  ( i .  e . , A v a la n c h e  P ic n ic  G ro u n d  and so m e of 
th e  s c e n ic  o v e r lo o k s  a lo n g  G la c ie r  R o u te  1 ). S a n ita ry  fa c i l i t ie s  m a y  
have  to  be in c re a s e d  to  a v o id  c o n ta m in a tio n  of a q u a tic  h a b ita ts  w ith  
h u m a n  s e w a g e .
P r e s e r v a t io n  o f N a tu r a l  B io t ic  A s s o c ia tio n s
B e c a u s e  th e y  c o m p e te  d i r e c t ly  fo r  l im ite d  food  s u p p lie s , 
abundant p o p u la tio n s  o f t r o u t  and H a r le q u in s  p ro b a b ly  r a r e ly  o c c u r on 
th e  s a m e  s t re a m s . M a n a g e m e n t o f s t re a m s  f o r  f is h in g  should  be  
a c c o rd e d  a  lo w e r  p r io r i t y  th an  m a n a g e m e n t to m a in ta in  n a tu ra l b io tic  
a s s o c ia t io n s . F is h in g  re g u la t io n s  sh ou ld  r e f le c t  each  s t re a m 's  
a b i l i ty  to  w ith s ta n d  p r e s s u r e  f r o m  a n g le rs , not o n ly  on f is h  p o p u la ­
tio n s  bu t a ls o  on e n t ir e  a q u a tic  c o m m u n it ie s . I f  s p o rt f is h in g  is  to  be  
continued  w ith in  th e  p a r k ,  h ig h  q u a lity  f is h in g  s tre a m s  shou ld  be  
id e n tif ie d  and f is h in g  e n c o u ra g e d  th e r e .  S tre a m s  w ith  p o o r f is h in g  
should  a ls o  be id e n t if ie d  and m a n a g e d  to  enhance o th e r  v a lu e s . On  
som e s t re a m s , p r e s e r v a t io n  o f th e  n a tu r a l  fa u n a  m a y  p re c lu d e  
fis h in g .
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E d u c a tio n
A tte m p ts  sh o u ld  be m ad e  to  ed u ca te  p a rk  em p lo ye es  as w e l l  
as to u r is ts  c o n c e rn in g  th e  d e lic a te  b a la n c e  of s t r e a m  e c o s y s te m s . 
In te r p r e t iv e  e f fo r ts  sh o u ld  be d e s ig n e d  to  in c re a s e  a w a re n e s s  of n o n ­
g a m e  s p e c ie s  and e m p h a s iz e  the  im p o rta n c e  of a l l  e le m e n ts  o f p a rk  
e c o s y s te m s .
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C H A P T E R  VII
S U M M A R Y
B e h a v io r  an d  e c o lo g y  o f a p o p u la tio n  of H a r le q u in  D ucks  
b re e d in g  in  th e  M c D o n a ld  d ra in a g e  of G la c ie r  N a tio n a l P a r k ,  M o n ta n a , 
w e r e  in v e s tig a te d  b e tw e e n  1973 and 1976 .
M o s t m a le s  in  th e  p o p u la tio n  sp en t le s s  th an  60 days on the  
b re e d in g  g ro u n d s  w h ile  th e  fe m a le s  re m a in e d  fo r  a p p ro x im a te ly  110 
to  120 d a y s . W h ile  on th e  b re e d in g  g ro u n d s , ducks r e s t r ic te d  n e a r ly  
a l l  a c t iv i t ie s  to  th e  ru n n in g  w a te r s  of th e  c r e e k , though d u rin g  the  
n e s tin g  and b ro o d  -  r e a r in g  p e r io d s , th e y  m ad e  c o n s id e ra b le  use of 
abandoned oxbow s and ponds w h ic h  a d jo in e d  the  c re e k .
T o  f a c i l i t a t e  th e  c o lle c t io n  o f d a ta  re g a rd in g  p o p u la tio n  
n u m b e rs , m o v e m e n ts , m ig r a t io n a l  h o m in g , re p ro d u c t iv e  s u cc e ss , 
and s u r v iv a l  o f young , 2 7 ducks w e r e  c a p tu re d  and m a rk e d  us ing  
c o lo re d  p la s t ic  le g  bands in  a d d it io n  to  a lu m in u m  U . S. F is h  and  
W ild l i fe  S e rv ic e  b a n d s . O f 12 a d u lts  band ed  d u rin g  1974 and 1975, 
e ig h t (67 p e rc e n t)  r e tu r n e d  d u r in g  a t le a s t  one subsequent b re e d in g  
season. A lth o u g h  no m a le s  w e r e  band ed  in  19 74 , fo u r  (67 p e rc e n t)  of 
the s ix  banded d u r in g  1975  w e r e  p re s e n t  on th e  s tu d y  a re a  ag a in  in  
1976. O f s ix  a d u lt fe m a le s  b a n d ed  d u r in g  1974  and 1975 , fo u r
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(67  p e rc e n t )  r e tu rn e d  a t le a s t  o n ce . O n ly  th re e  a d u lt fe m a le s  w e re  
b a n d e d  d u r in g  1974; a l l  th re e  r e tu rn e d  to  th e  s tu d y  a re a  d u rin g  the  
1975  and 1976 b re e d in g  s e a s o n s . F iv e  ju v e n ile s , sex  u n d e te rm in e d , 
w e r e  banded  in  1 9 7 4 . T w o  of th o se  b ird s  re tu rn e d  to  the s tu d y  a re a  
In  1976  as p a ir e d  fe m a le s .
H a r le q u in s  a r r iv e d  on th e  s tu d y  a r e a  in  la te  A p r i l  o r  e a r ly  
M a y . A l l  o f th e  fe m a le s  a r r iv in g  on the  b re e d in g  grounds had p a ire d  
p r io r  to  t h e i r  a r r i v a l .  E a c h  y e a r ,  th e r e  w a s  a s u rp lu s  of m a le s  on 
th e  b re e d in g  g ro u n d s  w ith  m a le s  c o m p r is in g  a p p ro x im a te ly  64 p e rc e n t  
of th e  b re e d in g  p o p u la tio n . C o u rts h ip  and  c o p u la tio n , a lthough  
u n d e rw a y  b e fo re  th e  ducks re a c h e d  M c D o n a ld  C re e k ,  con tinued  in to  
e a r ly  Ju n e . B a c k c o u n tin g  f r o m  the a p p ro x im a te  h a tch in g  dates  of 
15 b ro o d s  w h ic h  w e r e  p ro d u c e d  on M c D o n a ld  C re e k , p ro v id e d  an  
e s tim a te  o f th e  t im in g  of e g g - la y in g  and in c u b a tio n . E g g -la y in g  
o c c u rre d  b e tw e e n  18 M a y  and 8 J u n e . In c u b a tio n  la s te d  th ro ugh ou t 
June, and c o in c id e d  w ith  th e  p e a k  o f s p r in g  ru n o ff in  1974 and 1975. 
P a ir  d is s o lu tio n  b e g an  soon a f t e r  th e  o n set of in c u b a tio n  and m o s t 
m a le s  d e p a rte d  th e  b re e d in g  g ro u n d s  d u r in g  th e  la t t e r  h a lf  of June.
C e n s u s e s  in d ic a te d  th a t  p e a k  n u m b e rs  o c c u rre d  n e a r  the  
m id d le  o f M a y . T h e  g r e a te s t  n u m b e r  of p a irs  counted  w as 11 in  1974  
and 14 in  1975 . B a s e d  on th o s e  d a ta , m in im u m  b re e d in g  d e n s ity  
d u rin g  the 2 y e a rs  w a s  one p a i r  p e r  1. 5 k m  o f s t re a m  h a b ita t in  1974  
and one p a ir  p e r  1. 1 k m  in  1 9 7 5 . P a ir s  e s ta b lis h e d  l in e a r  hom e
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ra n g e s  a lo n g  th e  s t r e a m , c o n fin in g  m o s t a c t iv i t ie s  to  1 to 2 k m  of 
c r e e k  h a b ita t .  H o m e  ra n g e s  o f p a ir s  o v e r la p p e d  c o n s id e ra b ly  and  
a lth o u g h  p a ire d  ducks g e n e r a l ly  re a c te d  a g g re s s iv e ly  to  th e  p re s e n c e  
o f o th e r  p a ir s ,  th e r e  w as  no e v id e n c e  of t e r r i t o r ia l i t y .  S u rp lu s  m a le s  
ra n g e d  e x te n s iv e ly  a lo n g  th e  s tu d y  a r e a  and fre q u e n t ly  in te ra c te d  w ith  
p a ir s .
H a r le q u in s  fe d  a lm o s t e n t i r e ly  in  ru n n in g  w a te r  and ty p ic a l ly  
s e le c te d  lo a f in g  s ite s  in  m id s t r e a m . A  s ig n if ic a n t s h ift  to  the use of 
b a c k w a te rs  c o rre s p o n d e d  to  th e  p e r io d  o f n e s tin g  and the f i r s t  w e e k  
of b r o o d - r e a r in g .
T h e  m a jo r i t y  o f b ro o d s  h a tc h e d  d u rin g  the  f i r s t  w e e k  of J u ly . 
D u r in g  the  f i r s t  2 w e e k s , b ro o d s  sp en t 83 p e rc e n t of th e ir  t im e  in  
s e c lu d e d  b a c k w a te rs , fe e d in g  o n ly  o c c a s io n a lly  in  th e  c re e k . T h e  
p e rc e n ta g e  of t im e  sp en t in  ru n n in g  w a te r  in c re a s e d  as ju v e n ile s  
d eve lo p ed  p r o f ic ie n c y  in  s w im m in g  and d iv in g . T h e  la s t 3 w eeks  
w e re  sp en t a lm o s t e n t i r e ly  in  ru n n in g  w a te r s . D u r in g  the e n t ire  
b r o o d -r e a r in g  p e r io d , th e r e  w as  a s ig n if ic a n t p re fe re n c e  fo r  a re a s  
w h ic h  w e re  in a c c e s s ib le  to  h u m a n s . F a m i ly  un its  re m a in e d  in ta c t  
d u rin g  the  e n t ir e  p re f le d g in g  p e r io d  and b ro o d  m ix in g  w as v i r t u a l ly  
n o n e x is te n t. F e m a le s  w ith  b ro o d s  ty p ic a l ly  le f t  th e  b r o o d -r e a r in g  
a re a  and began m o v in g  d o w n s tre a m  d u r in g  the  s ix th  o r  se v en th  w e e k . 
M o st b roo ds d is a p p e a re d  f r o m  the s tu d y  a r e a  a fe w  days b e fo re  
ju v e n ile s  w e re  f u l ly  f le d g e d ; th e  b e g in n in g  o f m ig r a t io n  c o n s is te d  of
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d o w n s tre a m  m o v e m e n t. T h e  p r e f l ig h t  p e r io d  of th o se  young w h ic h  
r e m a in e d  on th e  s tu d y  a r e a  u n til  f le d g e d  w as a p p ro x im a te ly  55 d a ys .
P ro d u c tio n  and s u r v iv a l  o f young w e re  h ig h e s t d u rin g  1973 . 
E ig h ty - th r e e  p e rc e n t o f o b s e rv e d  young s u rv iv e d  u n til  m ig ra t io n . In  
1 9 7 4 , 40  p e rc e n t s u rv iv e d  u n til  m ig r a t io n , b u t in  1 9 75 , o n ly  18 
p e rc e n t  re a c h e d  th e  n e a r ly  fle d g e d  s ta g e . A t le a s t  17 young w e re  
s u c c e s s fu lly  r e a r e d  on th e  s tu d y  a r e a  in 1973 w h ile  o n ly  12 s u rv iv e d  
u n til  m ig r a t io n  in  19 74  and o n ly  tw o  in  1975 .
B re e d in g  s u c c e s s  w a s  d i r e c t ly  r e la te d  to  th e  t im in g , d u ra tio n ,  
and in te n s ity  o f s p r in g  ru n o ff . E n v iro n m e n ta l fa c to rs , in c lu d in g  
w in te r  and s p r in g  p r e c ip ita t io n ,  and s p r in g  te m p e ra tu re s  p la y e d  an  
im p o r ta n t  r o le  in  c o n tr o l l in g  ru n o ff . H ig h  w a te r  le v e ls  and la te  
ru n o ff a d v e r s e ly  a f fe c te d  p ro d u c tio n  th ro u g h  in c re a s e d  nest w asho ut 
and h ig h  m o r t a l i t y  o f n e w ly  h a tc h e d  ju v e n ile s .
L ik e  m a n y  o th e r  K - s t r a te g is t s ,  th e  s p e c ie s ' re p ro d u c tiv e  
ra te  is  lo w  and i t  is  e x t r e m e ly  v u ln e ra b le  to  a lte r a t io n  of h a b ita t. 
M a n a g e m e n t su g g e s tio n s  in c lu d e d  id e n t if ic a t io n  of c r i t ic a l  h a b ita t, 
re c r e a t io n  and p r e s e r v a t io n  of p r is t in e  co n d itio n s  in  a q u a tic  e c o ­
s y s te m s , and c o m p re h e n s iv e  p la n n in g  to  m in im iz e  the im p a c t of 
hum ans on s e n s it iv e  a r e a s .
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A P P E N D IX  I
L O C A T IO N S  A N D  H A B IT A T  D E S C R IP T IO N S  O F  S IT E S  
O F  C O L L E C T IO N  O F  B E N T H IC  IN V E R T E B R A T E S
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C o lle c t io n  S ite  H a b ita t  D e s c r ip t io n
1 R a p id s  w ith  b e d ro c k  s u b s tra te
2 R a p id s  w ith  b e d ro c k  s u b s tra te
3 R if f le s  w ith  c o b b le  s u b s tra te
4 R if f le s  w ith  co b b le  s u b s tra te
5 R if f le s  w ith  co b b le  s u b s tra te
6 R if f le s  w ith  c o b b le  s u b s tra te
7 R if f le s  w ith  co b b le  s u b s tra te
8 A b an d o n ed  m e a n d e r  w ith  s i l t  s u b s tra te
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A P P E N D IX  XI 
IN S E C T S  C O L L E C T E D  F R O M  M C D O N A L D  C R E E K
G enus o r  F a m i ly
E p h e m e r  o p te ra  
B a e tld a e
B a e tis  sp .
E p h e m e r  e ll id a e
E p h e m e r e l la  sp . ? o f w a lk e r i  g rou p
E . doddsi
E . p ro s p e r in a
E . sp . ? o f in v a r ia  g roup
E . sp . ? o f he cuba group
H e p ta g e n iid a e  
C in y g m u la  sp .
R h ith ro g e n a  sp .
S ip h lo n u r id a e  
A m e le tu s  sp .
L e p to p h le b iid a e  
L e p to p h le b ia  sp .
P le c o p te r a
N e m o u r id a e  
N e m o u ra  sp .
L e u c t r a  sp .
B ra c h y p te r a  sp .
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P e r lo d id a e
Is o p e r la  sp .
Iso g en u s  sp .
A rc y n o p te ry x  (M e g a r c y s ) sp . 
C h lo ro p e r l id a e  
A l lo p e r la  sp .
P a r a p e r la  sp .
P e r l ld a e
A c r o n e u r la  th e o d o ra  
A . p a c if ic a
H e m ip te r a
C o r ix id a e  (u n id e n t if ie d  genus) 
G e r r id a e  (u n id e n t if ie d  genus)
M e g a lo p te ra
S ia lid a e  (u n id e n t if ie d  genus)
T r ic h o p te r a
R h y a c o p h ilid a e  
R h y a c o p h ila  s p .
P s y c h o m y iid a e
P o ly c e n tro p u s  sp . 
H y d ro p s y c h id a e  
H y d ro p s y c h e  sp .
P a ra p s y c h e  s p .
H y d ro p t il id a e  (u n id e n t if ie d  genus) 
L im n e p h ilid a e  (u n id e n t if ie d  g enu s) 
L e p to c e r id a e  (u n id e n t if ie d  g en u s) 
B ra c h y c e n tr id a e
B ra c h y c e n tru s  sp .
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C o le o p te ra
D y tis c id a e  (u n id e n tif ie d  genus) 
E lm id a e  (u n id e n t if ie d  genus)
D ip t e r a
T ip u lid a e
H e x a to m a  sp .
(o th e r  u n id e n tif ie d  genus) 
S im u liid a e  (u n id e n t if ie d  genus) 
C h iro n o m id a e  (u n id e n t if ie d  genus) 
R h a g io n id a e  
A th e r ix  sp .
T a b a n id a e  (u n id e n tif ie d  genu s)
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APPEN D IX  I I I
MEASUREMENTS OF A D ULT HARLEQUINS BANDED ON MCDONALD CREEK
(measurements after Baldwin et al, 1931)
Males Females
N X Range N X Range
Weight (g) 12 684.2 660-710 10 626. 5 545-660
Total length (mm) 12 427.8 410-449 7 396. 9 387-405
Exposed culmen (mm) 12 28.8 27. 5-29.9 7 26.3 24. 9-28.0
Closed wing (mm) 12 195.7 180-201 7 187.0 181-198
T a il (mm) 12 99.1 92-106 7 87.0 84-93
Tarsus (mm) 12 38.1 35-42 7 38.1 36-40
Middle toe (mm) 12 53.6 51-57 7 53.3 49-55
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APPENDIX IV
SUMMARY OF HARLEQUIN COPULA TOR Y BEHAVIORS
Male Female
Successful
copulation
Unsuccessful
copulation
Total
observed
Successful
copulation
tn
Unsuccessful
copulation
Total
observed
no. (%) no. (%) no. (%) no. (%) no. (%) no. (%)
Precopulatory displays 14 5 19 14 5 19
Head mod 14 (100) 5 (100) 19 (100) 5 (36) 1 (20) 6 (32)
Follow 14 (100) 4 (80) 18 (95) X X X X X X
Zig-zag 14 (100) 2 (40) 16 (84) X X X X X X
Nibble 14 (100) 5 (100) 19 (100) X X X X X X
Upwards stretch
with wing-flap 2 (14) 0 (0) 2 (11) X X X X X X
Upwards stretch 10 (71) 2 (40) 12 (63) X X X X X X
Vocalize 1 (7) 0 (0) 1 (5) X X X X X X
Bill-dip 7 (50) 1 (20) 8 (42) X X X X X X
Chase 1 (7) 0 (0) 1 (5) 1 (7) 0 (0) 1 (5)
Assume prone
posture X X X X X X 14 (100) 2 (40) 16 (84)
Copulatory behaviors 14 14
Female prone 14 (100)
Male grabs nape 13 (93)
Male wing-tail flick 6 (43)
Rotations by male
during dismount 13 (93)
Postcopulatory displays 12 12
Chase 10 (83) X X
Sentinel 2 (17) X X
Preen 2 (17) 3 (2 5)
Bathe 1 ( 8 ) 1 ( 8 )
Dive 11 (92) 11 (92)
Leading X X 2 (17)
Reason for incomplete sequence (precopulatory, copulatory or postcopulatory sequence broken off)
Sequence disrupted by stream current 3 (43)
Sequence disrupted by intruding male 2 (29)
Female unreceptive (fled) 2 (29)
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APPENDIX  V
BREEDING DENSITIES OF HARLEQUINS, BLUE DUCKS, AND TORRENT DUCKS
Species
Estimate of density 
(breeding pairs) Location Reference
Harlequin Duck 2 p a irs /km R iver Laxa at Svinavatn, 
Iceland
Bengtson and Ulfstrand 1971
1 p a ir/k m R iver Svarta, Iceland Bengtson and Ulfstrand 1971
1 p a ir/km River Sudera, Iceland Bengtson and Ulfstrand 1971
6, 8 p a irs /km River Laxa at Lake M ^ a tn ,  
Iceland
Bengtson and Ulfstrand 1971
. 16-.  31 pairs /km Streams in Washington State D. E. Crouch, pers. comm.
. 67-.  91 pairs /km McDonald Creek, Montana This study
Torrent Duck 1 p a ir/km Andean streams Johnsgard 1966
Blue Duck 1.25 pairs /km Streams of New Zealand Kear 1972
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Band
no.
03
04 
06
05
07
08
09
10
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
Age and
sex
A PPEN DIX VI 
h a r l e q u in  d u c k s  b a n d e d  1974-1976
Breeding season
Status
1974 1975 1976
Adult ? Resident Resident Resident
Adult i  Resident Resident Resident
Adult ? Resident Resident Resident
Juvenile Resident x Resident
Juvenile Resident x x
Juvenile Resident x x
Juvenile Resident x Resident
Juvenile Resident x x
Adult d" - - - - - - -  Resident Resident
Adult d Resident Resident
Adult ? Resident Resident
Adult cf - - - - - - -  Resident Resident
Adult ?  Migrant x
Adult f  M igrant x
Adult d  Resident x
Adult ? Resident x
Adult d Resident Resident
Juvenile - ...............................Resident x
Juvenile  Resident x
Adult f   - Migrant
Adult d" - ...............................................- - - Resident
Adult d" Resident
Adult - ......................- - - .........................  Resident
Adult /  - - - - ............................................  Migrant
Adult ?  - - - .........................  Migrant
Adult i   - Resident
Adult d   Resident
Paired to no. 14 in 1975, 1976
Paired to unbanded male in 1975, 1976
Paired to unbanded male in 1975, 1976
Orphaned juvenile in 1974, paired in 1976
Progeny of no. 06
Progeny of no. 06
Progeny of no. 06, paired in 1976
Progeny of no. 06
Unpaired in 1975, paired in 1976
Paired to no. 03 in 1975, 1976
Paired to unbanded male in 1975, 1976
Unpaired in 1975, 1976
Paired to no. 18, not relocated after banding
Paired to no. 17, not relocated after banding
Unpaired in 1975
Paired in 1975 (unproductive), not seen in 1976 
Paired, occupied same home range in 1975, 1976 
Progeny of no. 03 
Progeny of no. 03
Unpaired in 1976, not relocated after banding 
Unpaired in 1976 
Unpaired in 1976 
Unpaired in 1976
Paired to no. 29, not relocated after banding
Paired to no. 28, not relocated after banding
Paired to no. 31
Paired to no. 30
A P P E N D IX  V I I
M A P S  D E P IC T IN G  M O V E M E N T S  O F  
IN D IV ID U A L  H A R L E Q U IN S
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A P P E N D IX  V i l a
L o c a tio n s  o f U n p ro d u c tiv e  F e m a le  (N o . 15 ) D u r in g  1975  
(P a ir e d  w ith  U n m a rk e d  M a le )
▲ A tte n d e d  b y  m a te  
#  U n a tte n d e d
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7 * 2 7
6 - 2 4
one km  
I I I
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A P P E N D I X  VII b
L o c a tio n s  o f F e m a le  (N o . 15) D u r in g  1976  
( P a ir e d  w ith  U n m a rk e d  M a le )
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5 - 2 9
5-7
5*15
5 -21
•5 * 9  A  
5 - I 5 A
o n e  k m
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A P P E N D IX  V I I  c
L o c a tio n s  o f M a le  (N o . 2 1 ) D u r in g  1975 and 1976  
(P a ir e d  w ith  U n m a rk e d  F e m a le  B o th  Y e a r s )
▲ A c c o m p a n y in g  m a te  1975  
A A c c o m p a n y in g  m a te  1976  
□  O b s e rv e d  w ith o u t m a te  1976
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5-31
5-', ik 5-14 
5-15
6 "  4
6 - 5
5 -3 0  □
5*21
5 - 2 9  0
one km
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A P P E N D I X  VII d
L o c a tio n s  o f M a le  (N o . 19) D u r in g  1975  
(S u rp lu s  M a le )
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5 - 3 1  ■
6 26 
5 19 ■  
6-1 4  ■  j  
6 - 2 3  ■  I  
6*24  ■  « f i
5 -1 0  ■
5-21 
5 22
one km
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
A P P E N D IX  V i l e
L o c a tio n s  of M a le  (N o . 2 5) D u r in g  1976  
(S u rp lu s  M a le )
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6* 4  O
5 - 1 5  □
5 * 8  □
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A P P E N D I X  VII f
L o c a tio n s  o f F e m a le  (N o . 3 ) an d  B ro o d  
D u r in g  1975  and  1976
#  1975 lo c a tio n s  
O 1976  lo c a tio n s
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8 * 1 0
* 8*11
* 8 * 1 3
* 8 - 1 4
# 8  15
• 8 * 1 6 o n e
• 8 * 1 7 1______L
N
k
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